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Dear Colleague: 


Over the past three decades, great progress has been made in identifying and 
correcting the primary risk factors for cardiovascular disease (CVD), such as 
smoking, high blood pressure, and elevated total and low-density-lipoprotein 
cholesterol. In several countries, this has led to a significant reduction in the 
incidence of CVD. 

Despite this encouraging result, CVD is still the leading cause of death in 
many Western nations. A further decline in cardiovascular morbidity and 
mortality could be achieved by a wider, multiple-risk-factor approach, with 
attention paid to lipid risk factors other than hypercholesterolemia. Elevaied 
plasma triglycerides, often associated with low high-density-lipoprotein 
cholesterol levels, may play a significant role in cardiovascular risk. 

Hypertriglyceridemia as a risk factor for CVD has been evaluated by an 
internaticnal committee, established by the Giovanni Lorenzini Medical 
Foundation. This supplement to the American Journal of Cardiology summa- 
rizes the findings of this committee. 

This review covers the most recent experimental and clinical findings on 
the pathophysiology of triglyceride transport, the epidemiologic evidence on 
the role o- triglycerides in CVD, and the laboratory procedures for diagnosing 
disorders of the triglyceride-carrying lipoproteins. Particular attention has 
been paid both to the identification of hypertriglyceridemic patients at 
particular risk for CVD and to their management, whether by drugs, diet, or 
other nonpharmacologic approaches. 

The present document is intended as a position paper for stimulating 
discussion on the role of triglycerides in CVD and to aid the physician in 
assessing the significance of triglyceride elevations. 
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Introduction 


G. Assmann, MD, A.M. Gotto, Jr., MD, and R. Paoletti, mp 


reat progress has been made over the past 

30 years in identifying the risk factors of 

cardiovascular disease (CVD) and in de- 
creasing the incidence of CVD through the treat- 
ment of risk factors. 

In the 1960s, for example, physicians began 
endorsing smoking cessat.on as a preventive mea- 
sure against both CVD and lung cancer. In the 
1970s the United States National High Blood 
Pressure Education Progrem led a campaign against 
hypertension, setting guidzlines for its proper diag- 
nosis and management. In the 1980s the focus 
shifted to the diagnosis ard management of hyper- 
cholesterolemia, with ckolesterol-control guide- 
lines developed in the United States, Canada, 
Europe, and Japan. The identification and proper 
management of these three risk factors are widely 
bélieved to have contributed importantly to the 
declining rates of CVD mortality throughout the 
industrialized world. In the United States alone, 
the annual rate of CVD mortality dropped by 
approximately 25% from 1968 to 1987,’ 

But despite these encouraging results, CVD is 
still the largest killer in many of the industrialized 
nations, including the United States. For example, 
even with the downturn in CVD mortality since the 
1960s, the U.S. Department of Health Statistics 
predicts that CVD will cause the deaths of approx- 
imately 1 million U.S. citizens in 1991.” 

A further decline in cardiovascular mortality 
could likely be achieved by full implementation of 
the guidelines of the various national organiza- 
tions. For example, existing evidence in the United 
States indicates that considerably more risk-factor 
modification has occurred in groups at higher 
socioeconomic levels. Furthermore, prevention 
strategies, which in the past may have been nar- 
rowly focused on one oz two CVD risk factors, 
should now be formulated to take on a wider, 
multiple-risk-factor apprcach. Treatments that may 
have improved one risk faztor profile while worsen- 


ing another should be taken into account when 
several risk factors coexist, for example, hyperten- 
sion, hyperlipidemia, and diabetes. 

The purpose of this review is to summarize 
existing evidence concerning hypertriglyceridemia 
and coronary heart disease (CHD). We should 
begin by stating that the scientific basis relating 
elevated serum triglycerides to CHD is not as 
strong as for low-density lipoprotein (LDL) choles- 
terol. Many studies have shown a positive correla- 
tion between elevated serum triglyceride levels and 
increased CHD risk,** in both men and women and 
particularly in patients with non-insulin-dependent 
diabetes.*””* Also, patients with angiographically 
documented CHD”™ and survivors of myocardial 
infarction’”*” have hypertriglyceridemia much 
more frequently than unaffected individuals: 

However, the “independence” of the relation- 
ship between elevated serum triglyceride levels and 
CHD remains an issue of debate. Part of the 
controversy stems from the fact that—unlike total 
serum cholesterol, LDL cholesterol, and’ high- 
density lipoprotein (HDL) cholesterol—triglycer- 
ides do not appear to have a continuous or stepwise 
relationship to CHD risk. Also, the independent 
link between elevated serum triglycerides and CHD 
breaks down when multivariate analyses are used 
to control statistically for the effects of total choles- 
terol and HDL cholesterol.” These qualifica- 
tions suggest that the increased CHD risk noted in 
patients with hypertriglyceridemia could be due 
either to the accumulation of triglyceride-rich par- 
ticles that are uniquely atherogenic in only some 
people or to the association with other risk factors, 
such as reduced levels of HDL cholesterol.” 

The atherogenic potential of the triglyceride- 
rich lipoproteins (TGRL) is supported by the 
following evidence. First, TGRL levels have a 
strong influence on HDL-cholesterol concentra- 
tions,” and even if a low HDL level is atherogenic, 
the primary cause may be elevated triglycerides. 


THE HYPERTRIGLYCERIDEMIAS 1A 


This link. has been clearly documented in the 
postprandial state, when the entry of chylomicrons 
into the circu ation challenges an individual’s fat- 
clearing capaxity.” In other words, patients with 
low HDL levels often show an exaggerated post- 
prandial lipemia. Secondly, several investigators 
have suggested that a delayed clearance of dietary 
fat, i.e., an extended postprandial lipemia, may 
induce the up-ake of triglyceride-rich remnants by 
arterial cells," resulting in an intracellular accu- 
mulation of cholesteryl esters and in the subse- 
quent development of atherogenic foam cells.” 
Very-low-density lipoprotein (VLDL) remnants 
may also be atherogenic, as illustrated by the 
increased CHID risk accompanying familial dys- 
betalipoprotememia. 

The committee recognizes that the foundation 
of the lipid h=pothesis rests on the link between 
cholesterol and CHD and that the existing body of 
scientific evidence concerning triglycerides is still 
insufficient to support the promulgation of a com- 
prehensive set of guidelines for triglyceride lower- 
ing in the general population. Further, for the 
scientific community, LDL is the key atherogenic 
lipoprotein, and priority has appropriately been 
given to recommendations for modifications and 
management cf elevated LDL levels (see National 
Cholesterol Education Program and European 
Atheroscleross Society guidelines). This commit- 
tee recognizes and endorses these strategies. The 
purpose of this report is not to oppose the focus on 
cholesterol and LDL as the major lipid determi- 
nants of atherosclerosis, but is rather to comple- 
ment it by paymg attention to the growing evidence 
that triglycerice-rich lipoproteins also have athero- 
genic potential, and in some patients deserve 
attention. In cur opinion, if we are to take advan- 
tage fully of zll the information provided in the 
analysis of lip ds and lipoproteins, we must con- 
sider how best to approach abnormalities in serum 
triglycerides. 

The commi tee further notes that in the United 
States an incr2asing number of people enter the 
cholesterol management algorithm with a lipopro- 
tein analysis—otal cholesterol, triglycerides, HDL 
cholesterol, ard estimated LDL cholesterol—and 
not with a tofal cholesterol measurement alone. 
Some of these people will have elevations of LDL 
cholestérol and can readily enter the scheme for 
their management, as recommended by the Na- 
tional Cholesterol Education Program guidelines. 
Others will have desirable levels for LDL choles- 
terol, but abnormalities in triglycerides and/or 


HDL. This document pays special attention to 
those of the latter group who manifest hypertriglyc- 
eridemia. In doing so, it does not negate the 
National Cholesterol Education Program guide- 
lines for treatment of high LDL cholesterol, but 
instead offers suggestions for the management of 
hypertriglyceridemic states that fall outside the 
conditions subsumed by these guidelines. In Eu- 
rope, management of hypertriglyceridemia is an 
integral part of European Atherosclerosis Society 
policy statements. This report updates the most 
recent developments and specifies in more details 
the recommended actions in this area. Thus, it 
should assist physicians in the treatment of pa- 
tients for whom such detailed guidelines have not 
been made available. The main points of the new 
suggestions are summarized below: 


Clinically Significant Action Limits for Fasting Triglyceride (TG) 
Levels 


* TG > 200 mg/dL (> 2.3 mmol/L) deserve attention. 

* TG between 200-400 mg/dL (2,.3-4.5 mmol/L.) are regarded as moderately 
elevated. A more precise classification of lipid abnormality requires information on 
LDL-cholesterol and HDL-cholesterol. “Mixed lipid disorders” (moderately ele- 
vated TG + high LDL-cholestero! or low HDL-cholesterol) require more aggressive 
management. 

* TG > 1000 mg/dl. (> 11.2 mmol/L} raise the risk of pancreatitis. 


On this basis, the committee proposes the follow- 
ing stepwise approach (see Chapter 7A) to the 
treatment of patients with elevated triglycerides: 


1. Identify the cause for the elevated triglycerides. 
Triglyceride levels should always be analyzed after 
an overnight fast and at least two or three measure- 
ments should be made prior to the diagnosis and 
determination of treatment. Hypertriglyceridemia 
can be of genetic origin or acquired. Hypertrigly- 
ceridemia can thus be a signal for a not yet 
diagnosed disease or for a familial disposition of 
concern. Frequently, life-style changes, a change in 
co-medication, or the treatment of underlying 
diseases correct the elevated triglyceride levels. 


2. Identify the overall risk pattern of the patient. 

Attention to all the modifiable risk factors 1s 
appropriate. An effort should be made to identify 
and control secondary causes of hypertriglyceri- 
demia, such as diabetes mellitus, renal disease, and 
use of drugs. Smoking and hypertension should be 
vigorously controlled. The identification of other 
genetic forms of hyperlipidemia, such as familial 
combined hyperlipidemia and type III hyperlipi- 
demia, is important. Accompanying elevations of 
LDL cholesterol, low levels of HDL cholesterol 
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TABLE I Major CHD Risk Factors 


Elevated LDL-cholesterol 

Male sex 

Family history of premature CHD (definite myocardial infarction or 
sudden death before 55 years of age in a parent or sibling) 
Cigarette smoking (currently smokes more than 10 cigarettes per 
day) 


Hypertension 
Low HDL-cholesterol concentration (below 35 mg/dL confirmed by 
repeated measurement) 
Diabetes mellitus 
History of definite cerebrovascular or occlusive peripheral vascular 
disease 

> Severe obesity (> 30% overweight) 





(<35 mg/dL), and a personal or family history of 
CHD are addressed by the current guidelines. The 
clustering of risk factors leads to more than an 
additive increase of cardiovascular risk. 


3. Treat patients with an overall risk pattern. 
Moderate levels of several risk factors (Table I) 
justify medical attention as much as a strongly 
elevated individual factor. 


4. Diet is the first-line treatment for hypertriglycer- 
idemia. 

Weight reduction (when needed) and a diet low in 
saturated fats and cholesterol are of primary impor- 
tance. Exercise also improves the overall cardiac 
profile. Alcohol restriction is mandatory. 


5. Drug therapy may be considered if diet is 
ineffective, although this remains controversial. 
Some groups of patients with hypertriglyceridemia 
may be considered for drug treatment if diet is 
ineffective. While there is general consensus that 
treatment of TG levels greater than 1,000 mg/dL 
reduces the risk of pancreatitis, the use of drugs to 
reduce CHD risk is controversial; the efficacy of 
reducing triglycerides to decrease CHD has not 
been yet conclusively established. 


Fibrates and nicotinic acid are the first-line drugs 
for hypertriglyceridemia. The HMG-CoA reduc- 
tase inhibitors have a moderate effect on reducing 
triglycerides, in the order of 15-20%. A statin 
might be considered for a patient who had primary 
hypercholesterolemia with mild accompanying hy- 
pertriglyceridemia. 
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1. Pathophysiology of Triglyceride-Rich Particles 
A. METABOLISM OF TRIGLYCERIDE-RICH PARTICLES 


J. Shepherd, mb, and R.M. Krauss, mp (Reviewer) 


r | Nhe first reason why we cannot ignore the 
impact of elevated s2rum triglyceride levels 
on cardiovascular disease (CVD) risk is 

because of the close relationship between the 
metabolism of triglyceride-rich particles, such as 
chylomicrons and very-low-density lipoproteins 
(VLDL), with that of high-density lipoproteins 
(HDL). Indeed, an individual’s ability to metabo- 
lize triglyceride has a profound effect on the 
structure, metabolism, and function of low-density 
lipoproteins (LDL) and HDL, due, in part, to 
interparticle lipid exchange. This section will pro- 
vide a brief review of tne pathophysiology of 
triglyceride-rich particles. 

Following its absorption in the intestine, dietary 
fat is packaged into large triglyceride-rich chylomi- 
cron particles (Figure 1), which contain a number 
of surface proteins, called apolipoproteins (apo 
A-I, A-IV, and B-48). The secretion of these 
particles is critically dependent on the production 
of apo B. 

Apo B is formed in the Iver and intestine. In the 
liver the apo B gene is ful y expressed and gener- 
ates a 5,235 amino acid product known as apo 
B-100. In the intestine, however, a unique mRNA 
editing process’ introduces a stop codon (a CAA 
—UAA conversion) at the zene’s 2,152 amino acid. 
The stop codon truncates the apo B product into a 
smaller protein known as apo B-48. The full 
biologic benefits of this truncating process are not 
known. But one benefit appears to be that particles 
containing apo B-48, including some triglyceride- 
carrying chylomicrons, are not able to bind to LDL 
receptors and are directed instead to alternative 
degradative pathways. Apo E appears to play an 
important part in this process. 

After their secretion, the chylomicrons acquire 
the apo Cs and apo E from HDL particles. Ac- 
quired apo C-III modulates the hydrolysis of the 
chylomicron by acting as a cofactor for the enzyme 
lipoprotein lipase. This enzyme, located on capil- 
lary endothelial surfaces in skeletal muscle and 
adipose tissue,’ catalyzes the hydrolysis of triglycer- 
ide from the chylomicron core, releasing fatty acids 


for storage or energy requirements. The chylomi- 
cron itself shrinks progressively, shedding its sur- 
face phospholipid and small molecular weight 
proteins into nascent HDL particles. The remain- 
ing chylomicron remnant is then cleared rapidly by 
the parenchymal cells of the liver. These cells 
possess an LDL receptor-related protein (LRP or 
chylomicron remnant receptor), which binds to the 
apo E and might be a candidate for the putative 
chylomicron remnant receptor.’ The present role 
of apo C-III is not clearly defined; it may delay apo 
E-—mediated VLDL uptake until the triglyceride 
hydrolysis is completed. 

Once absorbed into the liver, the lipid compo- 
nent of the chylomicron remnant is either stored, 
catabolized, or resecreted as a component of endog- 
enous lipoproteins, such as triglyceride-rich VLDL 
particles. VLDL particles—which contain apo 
B-100, the apo Cs, and apo E—are subject to the 
same hydrolytic process as the chylomicrons, 
namely, the lipolysis of their triglyceride core by 
the lipoprotein lipase enzyme. The remaining 
VLDL remnant, known as intermediate-density 
lipoprotein (IDL), is relatively rich in cholestery] 
ester. In normal individuals, a portion of IDL is 
cleared directly by the liver through the binding of 
apo E. Another portion is hydrolyzed further into 
LDL particles, the major cholesterol transporters 
in human plasma. 

Studies of human lipase deficiency syndromes 
have shown that the lipolysis of large triglyceride- 
rich VLDL to smaller remnants is dependent 
entirely on the activity of lipoprotein lipase. In 
contrast, the conversion of IDL to LDL involves 
the action of hepatic lipase, a second enzyme 
located on the membrane of liver parenchymal 
cells. These two enzymes, from distinct but related 
genes, are particularly important in modulating 
triglyceride transport through the plasma and in 
influencing the structure and serum concentrations 
of the denser cholesterol-rich LDL and HDL 
lipoproteins. 

Individuals with high lipoprotein lipase activity 
(for example, young females or athletes) tend to 
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have low VLDL-triglyceride concentrations and 
high HDL (particularly HDL,) concentrations. Con- 
versely, individuals with higher hepatic lipase activ- 
ity (men and individuals taking anabolic steroids) 
have low HDL levels. The probable explanations 
for these cor-elations, including the role of post- 
prandial lipemia,’ will be discussed in a later 
section (see Chapter 2). But we can point out here 
that the ratio of lipoprotein/hepatic lipase activity 
may offer a strong indication of an individual’s 
atheroscleross risk. 

The impor-ant role played by hepatic lipase in 
the metabolism of LDL and HDL is clearly evident 
in individuals hereditarily deficient in this enzyme.” 
These individwals accumulate IDL and HDL, parti- 
cles. Moreover, their HDL, particles are large and 
triglyceride-riczh, reflecting their continuous acqui- 
sition of trigl-ceride from VLDL in exchange for 
cholesteryl ester. This exchange is mediated by the 
cholesteryl ester transfer protein. Normally, the 
effects of the cholesteryl ester transfer protein are 
balanced (Figure 1) by the action of hepatic lipase; 
the latter catalyzes the hydrolysis of triglyceride 
present in HDL, to produce smaller and denser 
HDL, particles. Individuals who lack either the 
cholesteryl ester transfer protein genef or are 
completely deficient in triglyceride-rich particles’ 
(i.e., are abe-alipoproteinemic) accumulate cho- 
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lesteryl ester-enriched HDL, and larger apo E-rich 
HDL, particles; these latter display a much higher 
affinity than LDL in binding to the LDL receptor. 

The VLDL metabolized by the liver vary in size 
and composition, depending on their relative pro- 
portions of lipids and apolipoproteins. Kinetic 
studies? have shown that large VLDL are con- 
verted virtually quantitatively into smaller remnant 
particles that are cleared directly from the circula- 
tion without contributing to the LDL pool. In 
contrast, smaller, cholesterol-enriched VLDL par- 
ticles are rapidly converted into LDL and consti- 
tute the main source of the LDL pool. 

Lipase deficiencies severely disrupt the normal 
metabolism of triglyceride-rich particles. Less dra- 
matic disruptions, however, are also seen in famil- 
ial hypercholesterolemic subjects, who lack the 
classic LDL receptor, and in type HI hyperlipopro- 
telnemic individuals, who have inherited a mutated 
apo E that does not bind readily with its receptor. 
In both of these conditions, remnants rich in 
cholesteryl ester accumulate in plasma, while the 
conversion of IDL to LDL is inhibited. Moreover, 
both conditions are associated with an increased 
risk of CVD. 

‘This increased risk prompts the speculation that 
particular subclasses of triglyceride-rich lipopro- 
teins predispose to atherosclerosis. Such a theory is 
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FIGURE 1. Lipopæotein metabolism. Following its absorption, dietary fat is packaged Into large triglyceride-rich chyioml- 
cron particles within the enterocyte and secreted into the circulation. There, lipolysis reduces the particle’s triglyceride 
core and makes redundant part of its surface coat, which Is shed to high-density lipoprotein (HDL). The remnants pro- 
duced In the process are rapidly assimilated by a receptor-mediated mechanism In the liver. In the fasting state, very- 
low-density lipoprotein (VLDL) replaces chylomicron as the major trigtyceride transporter, and the liver dominates li- 
poprotein metabolism. Cholesterol and triglyceride elaborated in this organ are released into the plasma. In the 
plasma, they become subject to tissue lipolysis, which degrades them to low-density lipoproteins (LDL) via an Intermedi- 
ate species called intermediate density lipoproteins (IDL). The LDL is removed by receptors present on liver and periph- 
eral tissues. When these are saturated, an alternative, scavenger pathway becomes dominant. Interchanges of lipids 
between circulating lipoprotein particles Is facilitated by the plasma enzyme lecithin:cholesterol acyltransferase and 
cholesteryl ester transfer protein (CETP), both of which participate In the process of reverse cholesterol transport from 


peripheral sites -0 the liver, where the sterol is excreted. 
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lent credence by the fact that triglyceride-rich 
remnant particles are the only naturally occurring 
plasma lipoproteins that can induce cholesteryl 
ester accumulation in cultured macrophages.’ 

Triglyceride-rich partic.es may also contribute 
directly to the atherogenic process through their 
absorption by macrophage receptors, which recog- 
nize and bind to peroxidized lipoproteins." Several 
studies have shown that macrophages bind and 
internalize triglyceride-rich particles in proportion 
to their apo E content.” But more recent studies 
have also shown that the macrophages possess on 
their membranes a binding domain that does not 
require apo E but, instead, appears to recognize 
peroxidized lipoproteins.” Assimilation of these 
species stimulates choleste-ol esterification at twice 
the rate seen during the uptake of unoxidized 
lipoproteins. 

Although the above data suggest a direct role 
for triglyceride-rich lipoproteins in the pathogene- 
sis of atherosclerosis, these lipoproteins may also 
influence atherosclerotic risk, and subsequently 
CVD risk, in more subtle, -ndirect ways.” 

One example involves tke cholesteryl ester trans- 
fer protein. The cholestervl ester transfer protein, 
which promotes the rapid molecular exchange of 
cholesteryl ester for triglyceride between all serum 
lipoprotein species, is more active in individuals 
with sustained hypertriglyceridemia. When triglyc- 
eride-rich lipoproteins arz present in excess, the 
cholesteryl ester transfer protein promotes the 
triglyceride enrichment of HDL, with concomitant 
cholesteryl ester accumukation in VLDL. VLDL 
particles enriched in chclesteryl ester may then 
promote the delivery of cholesteryl ester to mac- 
rophages, while triglyceride-enriched HDL parti- 
cles are good substrates for the hepatic lipase 
enzyme. The enzyme transforms these large HDLs 
into smaller, more dense species that are cleared 
more rapidly from the bloodstream. The net effects 
are an increased accumulation of cholesteryl ester 
in the macrophages and a lower level of HDL, 
which, in turn, compromises the process of reverse 
cholesterol transport. 

A similar phenomenor occurs within the LDL 
density spectrum. Here, higher plasma triglyceride 
levels skew the distribution of LDL particles to- 
ward smaller, more dense species. Epidemiologic 
studies have indicated thet the smaller species are 


linked to an increased CVD risk.“ Indeed, there 
appears to be a risk syndrome, common in the 
population, which is characterized by the constella- 
tion of moderate hypertriglyceridemia, low HDL, 
and small, dense LDL.” 


CONCLUSION 

Numerous studies on the pathophysiology of 
triglyceride-rich particles have shown that some of 
these particles make both direct and indirect contri- 
butions to the atherogenic process. Therefore, 
measuring triglycerides can provide important in- 
formation for the assessment of coronary risk. 
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1. Pathophysiology of Triglyceride-Rich Particles 
B. TRIGLYCERIDE-RICH LIPOPROTEIN CELL INTERACTIONS 


Y. Stein, MD, and R.J. Havel, mp (Reviewer) 


he intent of this section is to provide a 

l selectivz, not exhaustive, review of triglycer- 
ide-rich lipoprotein metabolism studies in 

cell cultures. This section will also examine the 


interaction of tiese lipoproteins with cellular recep- 
tors in other systems. 


STUDIES WITH CHYLOMICRONS AND VERY- 
LOW-DENSITY LIPOPROTEINS (VLDL) 

VLDL are Feterogeneous particles with respect 
to their size and composition of lipids and apopro- 
teins.’* Gianturco et al. have shown that large 
VLDL (Sf 60-<00) from subjects with endogenous 
or mixed hypertriglyceridemia bind at least as 
effectively as normal low-density lipoproteins 
(LDL) to the LDL receptor of human skin fibro- 
blasts, while smaller VLDL from normotriglyceri- 
demic subjects. bind little or not at all. The 
explanation is apparently that apo E, not apo 
B-100, is the tinding determinant for the larger 
hypertriglyceridemic VLDL.’ Indeed, the recep- 
tor binding dezerminant for hypertriglyceridemic 
VLDL switches from apo E to apo B-100 as VLDL 
of Sf 20-60 ccnvert into intermediate-density li- 
poproteins (IDL) and LDL. 

It is not cleat whether a relative lack of apo Eon 
the large surfaze of some VLDL particles, or the 
putative loss of apo E that occurs during the 
isolation of VLDL by ultracentrifugation, is the 
reason for the poor interaction of some VLDL 
particles with the LDL receptor. Eisenberg et al. 
have shown that all VLDL fractions are able to 
bind apo E. The investigators have also confirmed 
that the acquiition of apo E increases VLDL 
interaction witk the LDL receptor.° Maximal bind- 
ing of normal VLDL is achieved when the apo 
E:apo B weigkt ratio is between 0.3-0.5, corre- 
sponding to five to nine molecules of apo E per 
VLDL particle. However, this apo E concentration 
is about twice as much as the apo E content in 
VLDL isolated by ultracentrifugation or separated 
by gel chromatography.’ These results, therefore, 
suggest that an unavailability of apo E in the 


appropriate conformation may be limiting for opti- 
mal binding (and cellular uptake) of VLDL. 

VLDL differing in their content of apo E have 
been separated by electrophoresis,’ by heparin- 
affinity chromatography,® and by apo E immunoaf- 
finity chromatography.’ 

Studies with normal and hyperlipidemic Watan- 
abe rabbits have shown that some VLDL particles 
completely lack apo E.” These VLDL particles are 
taken up into the liver via the LDL receptor much 
less effectively than those VLDL that contain 
several molecules of apo E. Furthermore, large 
VLDL that contain apo E are taken up more 
rapidly than smaller apo E-containing VLDL." 
Human VLDL particles that lack apo E do not 
bind to the LDL receptor, indicating that the apo 
B-100 component of the VLDL is in a receptor- 
inaccessible conformation. However, once the 
triglycerides of the VLDL particle have been 
hydrolyzed by lipoprotein lipase, the apo B compo- 
nent becomes accessible to the receptor.” 

Recent studies have shown that two types of 
human VLDL particles lacking apo E can be 
separated from both normotriglyceridemic and 
hypertriglyceridemic subjects by combined heparin 
affinity and anti-apo E immunoaffinity chromatog- 
raphy. Both types of particles have very low affinity 
for the LDL receptor.” In contrast, apo E-contain- 
ing VLDL bind to the LDL receptor. But, as noted 
by Gianturco et al.,’ apo E-containing VLDL from 
hypertriglyceridemic subjects bind with much higher 
affinity than those from normotriglyceridemic sub- 
jects. 

Kowal et al. have recently noted that the effects 
of apo E on lipid binding extend to the LDL 
receptor—related protein.” In their investigations, 
the addition of apo E from cholesterol-fed rabbits 
greatly augmented the binding of rabbit beta- 
VLDL via the LDL receptor-related protein to 
human skin fibroblasts from subjects with no LDL 
receptors. 

Using rat VLDL enriched with added C apoli- 
poproteins, Windler et al. showed that the ability 
of apo E-containing VLDL to bind to the LDL 


SA THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 JULY 24, 1991 


receptor is modulated by the C apolipoproteins.” 
Loss of these apos during tie formation of VLDL 
remnants by lipoprotein lipase evidently contrib- 
utes to the recognition of the VLDL’s remaining 
apo E component by hepati> LDL receptors.” 

Chylomicrons, which contain receptor-incompe- 
tent apo B-48, but also apo E, do bind to the LDL 
receptor and, potentially, to the LDL receptor- 
related protein. The b.nding of chylomicron 
remnants via apo E is thecretically modulated by 
the C apolipoproteins,” as the case with VLDL. 
However, there have been no formal chylomicron 
binding studies to confirm tais theory. 


STUDIES WITH IDL 

The cellular metabolism of human IDL (density 
=: 1.006-1.019 g/mL) has been investigated in 
human skin fibroblasts and HepG2 cells in the 
absence and presence of exogenously added apo 
E.” IDL was found to be metabolized to a lesser 
extent than LDL, but its uptake and degradation 
was brought to the LDL levels by increasing the 
complement of apo E from two or three molecules 
of apo E per particle to four or five molecules per 
particle. 


STUDIES WITH HYPERTRIGLYCERIDEMIC LDL 

LDL isolated from hypertriglyceridemic diabet- 
ics and from nondiabetic hypertriglyceridemic sub- 
jects have shown a reduced cellular binding to 
human skin fibroblasts.“ In contrast, LDL iso- 
lated from normotriglyceridemic diabetics have 
shown normal binding.” 

Kleinman et al. found that treatment with bezafi- 
brate normalizes triglycerice levels and raises LDL 
binding to control levels.” The investigators con- 
cluded that the reduced LDL binding in hypertri- 
glyceridemic subjects is due to the lower affinity of 
the apo B component of hypertriglyceridemic LDL 
for the LDL receptor. This reduced affinity is 
apparently related either to the smaller size of the 
LDL particle or to a change in the conformation of 
the apolipoprotein B, ratker than to a change in 
the LDL’s apolipoprotein composition or to an 
abnormal apo B molecule. However, hypertrigly- 
ceridemia evidently concers a conformational 
change in apo B-100, resulting in its decreased 
recognition by the LDL receptor.” 

Finally, three studies Eave shown that during 
longer incubation periods of up to 48 hours, hyper- 
triglyceridemic LDL down-regulate the LDL recep- 
tors in human skin fibrobiasts to a lesser degree 
than do normal LDL. The resulting larger number 
of LDL receptors, when extrapolated to in vivo 


conditions, could explain the shorter half-life of 
apo B in subjects with hypertriglyceridemia.”” 


CONCLUSION 

Studies with chylomicrons, VLDL, IDL, LDL, 
and their metabolic products support that these 
different particles carry a different atherogenic 
potential. For example, apo E-containing VLDL 
from hypertriglyceridemic subjects bind to LDL 
receptors with much higher affinity than those from 
normotriglyceridemic subjects. The unique cell 
interactions associated with hypertriglyceridemia 
provide further evidence of the close relationship 
between triglyceride and other lipid metabolism. 
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. between the metabolism of triglycer- 
ch lipoprotems and high-density li- 
sprotein (HDL) concentrations has been 
, documented in the postprandial state.’ 
“~ysevdcal investigators have suggested that an ex- 
tended postprandial lipemia may induce the up- 
take of triglyceride-rich re-nnants by arterial cells** 
and, thus, increase the etherogenic intracellular 
accumulation of cholesteryl esters.°* This section 
will examine the inverse relationship between post- 
prandial triglyceride levels and HDL concentra- 
tions and will review thz effect of postprandial 
lipemia on cardiovascular disease (CVD) risk. 


METABOLISM OF HDL AND TRIGLYCERIDE-RICH 
LIPOPROTEINS 

HDL particles are secreted as disc-shaped pre- 
cursors devoid of cholesteryl esters. Through the 
action of the cholesterol-esterifying plasma en- 
zyme lecithin:cholesterol acyltransferase, the na- 
scent HDL particles are transformed into mature, 
spherical-shaped HDL. There are two major sub- 
fractions of mature HD_: a small, lipid-poor, and 
dense HDL, and a larger, more lipid-rich, and less 
dense HDL,. Most individuals have fairly constant 
levels of HDL,, while -heir levels of HDL, vary 
widely. The levels of EDL, may account for the 
variability of an individval’s total HDL-cholesterol 
level and, subsequently, for the associated coro- 
nary heart disease (CHD) risk. 

Serum HDL, levels are inversely correlated with 
the magnitude of postprandial lipemia.’’ The ex- 
tent of lipemia, in turn, is determined in part by the 
activity of the enzyme Lpoprotein lipase (LPL; see 
Chapter 1A). Thus, in individuals with high LPL 
activity and, subsequertly, with reduced postpran- 
dial lipemia, the rapid lipolysis of triglyceride-rich 
chylomicrons keeps HDL, levels high by promoting 
the formation of the larger HDL, particles as well 
as by preventing their catabolism. High levels of 
HDL, therefore, reflect an effective catabolism of 
triglyceride-rich lipoproteins. Conversely, in indi- 
viduals with low LPL activity and, subsequently, 
with pronounced postprandial lipemia, the delayed 
lipolysis of triglycerid2-rich chylomicrons reduces 
HDL, levels by promcting the formation of HDL, 
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at the expense of the larger HDL, particles. Individ- 
uals with high levels of HDL, may be less prone to 
CHD because of their rapid clearance of triglycer- 
ide-rich lipoproteins from the circulation, while 
individuals with low levels of HDL, are more prone 
to CHD because of the accumulation of chylomi- 
crons. 

These findings support a so-called “noncausalist” 
theory regarding HDL-cholesterol and CHD. The 
theory states that the negative correlation between 
HDL-cholesterol levels and CHD risk does not 
depend solely on a direct antiatherogenic action of 
HDL, commonly associated with the reverse choles- 
terol transport theory. According to this theory, 
HDL particles trap excess cholesterol from cellular 
membranes by esterification and then transfer the 
esterified cholesterol to triglyceride-rich lipopro- 
teins. The subsequent removal of these lipopro- 
teins by hepatic receptors completes the reverse 
cholesterol transport. 

But according to the “noncausalist” theory, the 
“protective” effect of elevated HDL levels on CHD 
risk reflects the inverse correlation between HDL, 
levels and postprandial triglyceride levels.” Rapid 
clearance of chylomicrons promotes the formation 
of HDL,, so that a high level of HDL, (and of total 
HDL-cholesterol) is a marker for the efficient 
catabolism of triglyceride-rich lipoproteins. Low 
levels of triglyceride-rich lipoproteins do not allow 
the excessive transfer of HDL-cholesteryl esters 
into the triglyceride-rich remnants. This keeps the 
cholesteryl esters in HDL. As a result, HDL 
plasma levels produce an antiatherogenic net ef- 
fect and are inversely related to CHD. 


CLINICAL TRIALS 

The “noncausalist” theory described above has 
gained credence from at least two clinical stud- 
ies.” In the first of these studies, patients who 
underwent coronary arteriography and who also 
had fasting plasma triglycerides of less than 250 
mg/dL were given an 8-hour fat-tolerance test.’ 

The patients with a coronary score of over 50, 
indicating severe CHD, were then compared with a 
group of control patients who had coronary scores 
of 0. A preliminary evaluation of 93 patients from 


THE HYPERTRIGLYCERIDEMIAS 411A 


this ongoing study indicated that those patients 
with severe CHD had higher levels of fasting 
triglycerides lower levels of HDL, cholesterol, and 
larger magnitudes of postprandial lipemia. More- 
over, when compared to all of the conventional 
lipid parameters for the fasted state, the magni- 
tude of postprandial lipemia—graphically quanti- 
fied as the area under the postprandial triglyceride 
curve—was the strongest discriminator between 
patients with severe CHD and the controls. 

Single postprandial triglyceride levels at time 
points beginning with 6 hours postprandially were 
also able to ciscriminate between cases and con- 
trols. This firding suggests that only one or two 
postprandial Slood specimens, at 6 and 8 hours 
postprandial, may have to be taken during an 
8-hour fat-load test, a simplification that makes the 
test more practical for prospective epidemiologic 
studies. 

Similar results were recorded in a second clini- 
cal study.” In this study, 20 normolipidemic pa- 
tients with CHD and 20 normal subjects were given 
oral lipid loads Blood samples, taken every 2 hours 
until 14 hours and then after 24 hours, were 
analyzed for tctal cholesterol and triglyceride lev- 
els. The patierts with CHD were found to have 
delayed chylomicron-remnant removal and lower 
fasting levels of HDL-cholesterol. 


CONCLUSION 

Triglycerides should not be prematurely dis- 
missed as a potential important causal risk factor 
for CHD. There is now a large body of evidence 
suggesting that the metabolism of triglyceride-rich 
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3. Genetic (Primary) Forms of 
Hypertriglyceridemia 
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ypertriglyceridemia is often symptomatic 
of underlying genezic abnormalities of lipid 


metabolism. 


TRIGLYCERIDES AND ATHEROSCLEROSIS 

Triglyceride plasma concentrations exceeding 
200 mg/dL (2.3 mmol/L) m adults or 140 mg/dL 
(1.6 mmol/L) in individuals below age 20 are 
generally termed hypertriglceridemia. Most epide- 
miologic studies have failed to identify hypertriglyc- 
eridemia as an independent risk factor of athero- 
sclerosis.’ However, more recent analyses of the 
Framingham study suggest an elevated triglyceride 
level is an independent rsk factor for coronary 
heart disease (CHD) in both men and women over 
age 50, when excessive triglycerides coincide with 
low high-density lipoproteins (HDL) or with an 
high ratio of plasma cholesterol to HDL.* Further- 
more, slightly increased levels of triglycerides are 
often combined with conditions (e.g., diabetes, 
obesity, alcoholism) that predispose to atheroscle- 
rosis and other diseases. 

In some patients, hypertriglyceridemia indicates 
genetic abnormalities of -ipoprotein metabolism 
that lead to premature anc severe atherosclerosis. 
For example, the basic defect in type III hyperlipi- 
demia results in the accumulation of triglyceride- 
rich remnant particles that play a causative role in 
the formation of atherosclerosis.™™ In families 
affected with familial combined hyperlipidemia, 
another high-risk lipid anomaly, subjects with in- 
creased triglycerides appear to be at the same 
coronary risk as those family members with in- 
creased cholesterol.” In zontrast, monogenic fa- 
milial hypertriglyceridemiz does not appear to put 
affected family members at increased risk for 
myocardial infarction.“ 

This complexity demands a classification of 
hypertriglyceridemias that will enable clinicians to 
identify those patients at risk for premature cardio- 
vascular disease and to decide which patients 
require therapeutic interventions. This section will 


describe the genetic anomalies causing hypertriglyc- 
eridemia. 


GENETIC ANOMALIES IN THE METABOLISM OF 
TRIGLYERCIDES 

A. Genetic anomalies of chylomicron and 
very-low-density lipoprotein (VLDL) assembly: 
Plasma apo B is present in humans as apo B-48 and 
apo B-100. The two apo B isoproteins are synthesized 
by a unique editing mechanism of apo B mRNA” (see 
Chapter 1A). Apo B-100, the apo B isoprotein present 
in low-density lipoproteins (LDL), is secreted by the 
liver as VLDL. Lipoproteins synthesized bv the intes- 
tine contain predominantly apo B-48; a relatively small 
number of particles (15%) may contain apo B-100."° 
Lipoproteins containing apo B-100, but not apo B-48, 
are thought to be important in the development of 
premature cardiovascular disease. 

The relative proportion of apo B-48 and athero- 
genic apo B-100 lipoproteins synthesized by the intes- 
tine may be potentially modulated by diet, hormones, 
and drugs. Patients with genetic defects in the editing 
process would be unable to edit the apo B mRNA and 
would switch from the synthesis of apo B-48 to apo 
B-100 lipoproteins; thus the intestine would become a 
major synthesis site of atherogenic lipoproteins. 

B. Genetic anomalies of lipoprotein lipase 
and apo C-li: The effective hydrolysis of plasma 
triglycerides requires lipoprotein lipase and its 
cofactor apo C-III. Genetic defects in either lipopro- 
tein lipase or apo C-II result in defective triglycer- 
ide hydrolysis and severe hypertriglyceridemia. 
Patients with apo C-II deficiency may be identified 
by analysis of postheparin lipoprotein lipase activ- 
ity (see Chapter 6), before and after the addition of 
exogenous apo C-H to the test assay. Genetic 
defects in lipoprotein lipase that lead to severe 
hyperchylomicronemia have included defective syn- 
thesis as well as the production of structural 
variants of the enzyme that are unable to hydrolyze 
plasma triglycerides.” It is important for the clini- 
cian to diagnose if the type 1 phenotype is due to a 
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deficiency of apo C-H or of lipoprotein lipase since 
patients with apo C-II deficiency and acute pancre- 
atitis can be. treated with an infusion of normal 
plasma containing apo C-III. 

C. Genetic anomalies of apo E: The genetic 
variation of apo E, which is the ligand for the LDL 
receptor—releted protein (LRP; see Chapter 1A), 
contributes +o the relatively high frequency of 
disturbances in the removal of chylomicron and 
VLDL remnants. The apo E gene is present in 
three commcn alleles termed E2, E3, and E4.” 
Apo E2—lik2 some other very rare apo E vari- 
ants”’”"—is defective in its binding capacity to the 
LRP,” thus impairing remnant removal from the 
circulation. Therefore, carriers of the apo E2 allele 
have significantly elevated plasma remnant concen- 
trations. However, although remnants have been 
shown to be atherogenic, the defective remnant 
catabolism dces not necessarily increase the suscep- 
tibility to atherosclerosis. 

In apo E2 heterozygotes (E2/E3), the mild 
increase in atherogenic remnants is balanced by a 
decrease in LDL levels, resulting in normal coro- 
nary risk. Apo E2 homozygotes (E2/E2) must be 
differentiated.into two groups since apo E2 homozy- 
gosity is found in nearly 100% of individuals with 
type III hyperlipoproteinemia, but only 2% of apo 
E2 homozygctes develop this disease. Obviously, 
the development of type III hyperlipoproteinemia 
requires the presence of other conditions that 
include diabe:es mellitus, kidney disease, hypothy- 
roidism, LDL-receptor deficiency, and other forms 
of genetic hyperlipidemia(s). 

The incidence of type II hyperlipoproteinemia 
is 100% only sor very rare apo E variants. Further- 
more, some of these apo E variants are dominant 
and cause tybe III hyperlipoproteinemia in the 
heterozygous state.” Type III hyperlipoprotein- 
emia is characterized by elevated fasting plasma 
concentrations of triglycerides and cholesterol due 
to the accumulation of remnants and intermediate 
density lipoproteins (IDL). Patients have character- 
istic planar xanthoma and an increased risk of 
coronary as well as peripheral artery disease. 


CLINICAL CLASSIFICATION OF PRIMARY 
HYPERTRIGLYCERIDEMIAS 

A. Chylomicronemia (type I hyperlipoproteine- 
mia): Fasting plasma normally does not contain 
chylomicrons. Lipolysis of triglyceride-rich parti- 
cles can be impaired by a deficiency or synthesis of 
dysfunctional ipoprotein lipase or apolipoprotein 
C-II.” Homozygotes exhibit plasma triglyceride 
concentrations exceeding 1,000 mg/dL due to the 


presence of chylomicrons in fasting plasma. In both 
cases, lipoprotein lipase activity in postheparin 
plasma is extremely low. In contrast to lipoprotein 
lipase deficiency, in apo C-II deficiency, enzyme 
activity can be reconstituted by supplementing the 
test assay with exogenous apo C-I. Familial lipopro- 
tein lipase deficiency is an autosomal recessive 
disease. Heterozygotes show a 50% reduction of 
lipoprotein lipase activity but normal or only slightly 
elevated levels of triglycerides.” 

B. Type V hyperlipoproteinemia: In contrast to 
type I hyperlipoproteinemia, fasting chylomicrone- 
mia in type V hyperlipoproteinemia is accompa- 
nied by an increase in VLDL triglycerides.” The 
differentiation to type I and type V hyperlipopro- 
teinemia can be difficult. The major differences 
encompass the later onset and the accompanying 
glucose intolerance in type V hyperlipoprotein- 
emia. 

Basic defects in type V hyperlipoproteinemia 
are unknown; there appear to be several defects 
that lead to the type V phenotype. In contrast to 
type I hyperlipoproteinemia, a subset of patients 
with type V hyperlipoproteinemia are at increased 
coronary risk. 

C. Hepatic triglyceride lipase deficiency: Hy- 
pertriglyceridemia was also identified in two fami- 
lies suffering from hepatic triglyceride lipase defi- 
ciency.” The disease was also termed 
hyperalphatriglyceridemia because of the massive 
accumulation of triglycerides in HDL. The patients 
exhibited corneal arcus, eruptive xanthomas, pal- 
mar striae, and CHD. Unlike lipoprotein lipase, 
which catalyzes the hydrolysis of chylomicron and 
VLDL triglycerides, the preferred substrates of 
hepatic triglyceride lipase are triglycerides (and 
phospholipids) of VLDL remnants and HDL. Thus, 
lipoproteins of hepatic triglyceride—lipase-defi- 
cient patients are characterized by two anomalies: 
(1) HDL are large and consist mostly of triglycer- 
ides; (2) VLDL remnants accumulate in plasma. 

The basic defect of hepatic triglyceride lipase 
deficiency is unknown. The disease is diagnosed by 
the absence of hepatic triglyceride lipase activity in 
postheparin plasma (see Chapter 6). 

D. Remnant hyperlipidemia (type Ill hyperii- 
poproteinemia, familial dysbetalipoproteine- 
mia, broad §-disease): As a metabolic conse- 
quence of a binding defect of apo E to the LRP, 
remnants of triglyceride-rich particles (1.e., chylomi- 
crons, VLDL) accumulate in plasma. Because of 
their behavior in ultracentrifugation and electro- 
phoresis, these particles are termed beta-VLDL. 
In animals, they cause the development of severe 
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atherosclerosis. Patients with type III hyperlipi- 
demia suffer from tuberous xanthomas, palmar and 
plantar xanthomas, and pezipheral and coronary 
artery disease. The disease is diagnosed by the 
presence of these clinical symptoms and by the 
findings of distinctly elevated levels of triglycerides 
and cholesterol (typically, the ratio is 1), a broad 
beta band upon lipoprotein electrophoresis, 
B-VLDL and apo E2 homozygosity, or rare apo E 
variants. The frequency of type II hyperlipopro- 
teinemia in Western populations is 1/5,000. 

E. Familial hypertriglyceridemia: Familial hy- 
pertriglyceridemia is diagrosed if the following 
criteria are given: (1) the patient has isolated 
hypertriglyceridemia (i.e., cholesterol <200 mg/ 
dL, triglycerides > 200 mg/dL); (2) isolated hyper- 
triglyceridemia is also present in other family 
members; and (3) unlike familial combined hyper- 
lipidemia, no family member suffers from any other 
dyslipoproteinemia. In contrast to chylomicrone- 
mia, restriction of dietary fat does not decrease the 
plasma concentration of trmlycerides. The activity 
of lipoprotein lipase is normal or only slightly 
decreased. Typically, the disease is diagnosed in 
adults. The inheritance is autosomal dominant. 

Primary hypertriglyceridemia is likely caused by 
the overproduction of VLDL.” The biochemical 
origin of increased hepatiz VLDL production is 
unknown. Interestingly, the triglyceride plasma 
concentration correlates positively with the concen- 
tration of insulin so that insulin resistance might be 
relevant to the pathogenesis of the disease. Pri- 
mary hypertriglyceridemia is not associated with 
any increased risk for pancreatitis and venous 
thrombosis, especially when corticosteroids or es- 
trogens are administered tc the patients. 

F. Familial combined hyperlipidemia: Familial 
combined hyperlipidemia is a common genetic 
form of hyperlipidemia associated with increased 
risk of premature cardiovascular disease.” Familial 
combined hyperlipidemia i; present in greater than 
15% of CHD patients, and represents one of the 
most frequent genetic dyskpoproteinemias associ- 
ated with an increased risk of premature cardiovas- 
cular disease. The disorcer is characterized by 
elevated plasma cholesteral, triglycerides, or both. 
Individuals as well as family members of those with 
familial combined hyperl:pidemia have multiple 
phenotypes. The LDL present in patients with 
familial combined hyperlipidemia is small and 
“dense” with an increasec ratio of LDL apo B to 
cholesterol.°” A subset of patients with familial 
combined hyperlipidemia have been identified as 
having hyperapobetalipoproteinemia, which is char- 


acterized by normal levels of plasma LDL choles- 
terol, dense LDL, and elevated plasma apo B 
levels.*” Hyperapobetalipoproteinemia is a fre- 
quent dyslipoproteinemia observed in patients with 
premature cardiovascular disease and “normal 
lipids.” The molecular defect(s) in combined hyper- 
lipidemia is unknown. Kinetic studies have sug- 
gested that the elevated plasma apo B levels are 
due to increased synthesis rather than decreased 
catabolism.” 

G. Hypertriglyceridemia in HDL deficiency syn- 
dromes: Hypertriglyceridemia has also been ob- 
served in patients with virtual or complete absence 
of lecithin:cholesterol-acyltransferase, with low 
HDL levels, with fish-eye disease, with apo A-I 
deficiencies or with Tangier disease.*” However, 
in most affected individuals, triglycerides are only 
slightly increased (200-400 mg/dL), while the largely 
reduced HDL concentration is an easily detected 
hallmark. Corneal opacities are present, although 
to different degrees in all HDL deficiency syn- 
dromes. Other clinical syndromes are variable and 
include xanthomas (apo A-I deficiency), renal 
insufficiency, anemia (lecithin:cholesterol acyltrans- 
ferase deficiency), hepatosplenomegaly, neuropa- 
thy, or abnormal tonsils (Tangier disease). 

H. Familial dyslipidemic hypertension: Famil- 
ial dyslipidemic hypertension is a recently de- 
scribed syndrome characterized by early familial 
hypertension (before age 60) with lipoprotein ab- 
normalities of triglycerides, LDL and/or HDL.**! 
Familial dyslipidemic hypertension appears to oc- 
cur in 15% or more of patients with hypertension, 
and at least one half of patients with early familial 
hypertension. Kindreds with familial dyslipidemic 
hypertension can be divided into two subgroups. 
One group has familial combined hyperlipidemia 
with very elevated triglycerides and plasma apo B 
as well as insulin. The plasma lipoproteins in the 
other group include very low HDL and moderately 
elevated plasma VLDL and insulin. Small dense 
LDL particles as well as increased obesity were 
present in both subgroups of familial dyslipidemic 
hypertension. The identification of an association 
of hypertension and lipoprotein abnormalities indi- 
cates that normotensive individuals with familial 
combined hyperlipidemia should have annual blood 
pressure screening, and patients with early familial 
hypertension should be routinely screened for 
lipoprotein abnormalities. 


CONCLUSION 
The physician should be aware of the different 
genetic anomalies that can cause hypertriglyceri- 
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demia. These anomalies produce varying patterns 
of lipid metabolism, which have been categorized 
into at least eight different clinical entities of 
primary hypeztriglyceridemia. 
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wide range of environmental factors can 
Antics the kinetics and the concentra- 

tion of triglyceride m the circulation. These 
include a variety of metabolic, hormonal, and 
nutritional influences, as well as disease states and 
drugs. ; 

Hypertriglyceridemia may be due to accumula- 
tions of chylomicrons, verytow-density or interme- 
diate-density lipoproteins : VLDL or IDL) in the 
circulation. Chylomicron accumulation is generally 
the result of impaired lipoprotein removal, rather 
than excessive lipoprotein input, while accumula- 
tions of VLDL or IDL are usually the conse- 
quences of excess lipoprotein input and/or im- 
paired removal. 

In many instances, the disorders that are associ- 
ated with hypertriglyceridemia are also associated 
with an increased cardiovascular disease (CVD) 
risk. Such is the case with diabetes and hyperten- 
sion. In the diabetic, hypertriglyceridemia is associ- 
ated both with periphera. vascular disease’ and 
with coronary artery disease.” As mentioned in the 
introduction of this document, it is important that 
the physician be aware of underlying or concurrent 
disorders and take a multifactorial approach to the 
management of the hyperlspoproteinemia. 


METABOLIC INFLUENCES 

A. Diabetes mellitus: In its simplest classifica- 
tion, there are two diabetic disorders: insulin- 
dependent diabetes and non-insulin-dependent 
diabetes. The pathogenesis of the hyper- 
triglyceridemia in each dsorder is probably dif- 
ferent since it will reflect the level of insulin 
exposed to various organs and the availability of 
glucose and free fatty acids, substrates for triglycer- 
ide production.’ 

In patients with uncontrolled insulin-dependent 
diabetes, ketosis, due to profound insulin defi- 
ciency, can be accompanied by marked hypertriglyc- 
eridemia. This is generally due to an accumulation 
of chylomicrons, resulting from the depressed activ- 
ity of the insulin-depend2nt enzyme lipoprotein 


lipase.’ However, it may also in part be due to 
changes in the chylomicron, such as the reported 
decrease in the ratio of apo C-II to apo C-III, that 
might make the chylomicron a poorer substrate for 
lipoprotein lipase.’ 

In certain tissues, primarily adipose tissue, li- 
poprotein lipase is an insulin-dependent enzyme.° 
However, insulin appears to have little effect on 
the enzyme in muscle.’ Also, insulin deficiency 
leads to an increase in the mobilization of free fatty 
acids from adipose tissue. Unless there is sufficient 
insulin to maintain hepatic VLDL -triglyceride syn- 
thesis and secretion, however, the increased mobi- 
lization of free fatty acids does not induce an 
increased plasma triglyceride level.‘ 

Non-insulin-dependent diabetes patients gener- 
ally have higher insulin levels than insulin-depen- 
dent diabetes patients.’ The hyperinsulinemic state 
of the non-insulin-dependent diabetes patient prob- 
ably reflects the excess of endogenous (i.e., pancre- 
atic) insulin secreted to compensate for an underly- 
ing insulin resistant state. Hyperinsulinemia may 
also develop in those diabetics treated with insulin, 
whether they have insulin-dependent or non- 
insulin-dependent diabetes. In vivo, the chronically 
hyperinsulinemic state leads to an increase in the 
production of VLDL-triglyceride.’ Lipoprotein li- 
pase activity may also respond poorly to insulin. 
The interaction of hypertriglyceridemia and hyper- 
insulinemia is receiving increasing attention be- 
cause of the frequently concurrent existence of the 
two disorders” and because hyperinsulinemia is an 
independent CVD risk factor." Insulin-dependent 
and non-insulin-dependent diabetes, especially 
when poorly controlled and even in the absence of 
gross hyperlipidemia, may be associated with 
changes in lipoprotein distribution and composi- 
tion." This leads to the accumulation of IDL and 
small low-density lipoproteins (LDL), which are 
thought to be more atherogenic. Diabetes control 
will partially reverse these changes.” 

B. Obesity: In the obese patient, VLDL- 
triglyceride production is usually increased be- 
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cause of accelerated production of both the lipid 
and apo B components.” The effects of obesity 
often relate tc other coexisting metabolic abnormal- 
ities, such as msulin resistance, carbohydrate intol- 
erance, or nor-insulin-dependent diabetes mellitus 
and hyperinsulinemia. Hypertriglyceridemia ap- 
pears to be am even greater problem in those with 
abdominal, in contrast to gluteo-femoral, obesity.” 
Abdominal otesity is seen more frequently in men 
than in women. 

C. Lipoatrophy: Lipoatrophy is a rare metabolic 
disorder characterized by a total absence of adi- 
pose tissue. Often, this disorder affects only a 
specific area of the body, usually along the der- 
matomal distr.bution. However, in cases where the 
disorder is gemeralized throughout the body, there 
may be an eccompanying hypertriglyceridemia. 
The basis for the hypertriglyceridemia is not clear. 
It may reflect a loss of adipose tissue lipoprotein 
lipase” or an increase in VLDL production.” 

D. Hyperusicemia: Approximately 80% of pa- 
tients with gout have hypertriglyceridemia, while 
the same percentage of hypertriglyceridemic pa- 
tients have hyperuricemia. These associations may 
reflect a decrease in the renal excretion of uric acid 
or a genetic “ink.” However, because hyperlipi- 
demia does not occur more frequently in first- 
degree relatives of those with gout, the association 
may also reflect environmental factors. These fac- 
tors would include high simple sugar intake, obe- 
sity, alcohol, and certain drugs such as thiazides. 

E. Glycogen storage disease (type I): This 
disorder is cha~acterized by a deficiency of glucose- 
6-phosphatase which causes the patient to be very 
susceptible to hypoglycemia. When hypoglycemia 
occurs, the patient’s adipose tissue is mobilized to 
supply energy meeds. Free fatty acid concentrations 
and, subsequently, the supply of a VLDL-triglycer- 
ide substrate are increased. The condition is then 
compounded ty an increase in glycolysis that oc- 
curs because of the glucose-6-phosphatase defi- 
ciency. The increase in glycolysis, in turn, induces 
an increased de novo synthesis of fatty acids and of 
the lipogenic intermediate malonyl CoA. Because 
malonyl CoA inhibits palmitoyl carnitine trans- 
ferase, not ony is the supply of mobilized and 
newly synthesized fatty acids increased, but their 
oxidation is reduced. Hence, the rate of fatty acid 
esterification ircreases.”” 


HORMONAL INFLUENCES 

A. Insulin: The effects of insulin have already 
been considered in the section on diabetes. Insulin 
(1) increases the removal of circulating triglycer- 


ide, through its effect on lipoprotein lipase; (2) 
increases the supply of adipose tissue free fatty 
acids, one of the substrates from which the liver 
makes triglyceride; (3) increases de novo hepatic 
lipogenesis; (4) alters the balance between hepatic 
fatty acid oxidation and esterification; and (5) 
possibly, decreases apo B synthesis and lipoprotein 
secretion. 

B. Thyroid hormones: Thyroxine and triiodothy- 
ronine can exert their effects at a variety of levels.” 
They can increase the rate of VLDL catabolism, in 
part, because of their effect on lipoprotein lipase 
and on the LDL-receptor-mediated uptake of li- 
poproteins. In hypothyroidism, the removal of 
VLDL remnants may also be impaired because of 
the reduction in hepatic triglyceride lipase.” Hy- 
pothyroidism can also directly induce an excess 
production of IDL, at least in patients with type ITI 
hyperlipoproteinemia.” 

C. Sex hormones: Estrogens can reduce the 
activity of the plasma lipases, particularly of he- 
patic triglyceride lipase, and thus, impede the 
removal of circulating triglyceride. Estrogens can 
also increase the synthesis of VLDL-triglyceride 
and the IDL concentration and thereby induce 
type III hyperlipidemia in the homozygous apo 
E2/2 patients.” 

Progestational hormones decrease plasma trig- 
lyceride. Testosterone and anabolic steroids have 
been used to treat type V hyperlipoproteinemia, 
perhaps because of the effect they have on hepatic 
triglyceride lipase. 


NUTRITIONAL INFLUENCES 

There are too many nutritional influences on 
plasma triglycerides to be able to provide more 
than a cursory overview. In many instances, the 
nutritional influences may overlap some of the 
factors already discussed. For example, over- 
nutrition will result in obesity with all of its 
consequences, 

The consumption of simple sugars, particularly 
fructose, can induce hypertriglyceridemia due, in 
part, to the insulin resistance that develops as a 
consequence of fructose feeding.” It may also be 
because, in the presence of dietary fructose, hyper- 
insulinemia exerts a greater effect on triglyceride 
production than is seen in the presence of glu- 
cose.” Finally, fructose feeding appears to alter the 
composition of VLDL, making it more difficult to 
be removed.” 

Another nutrient that has an important impact 
on triglyceride levels is ethanol. Even moderate 
alcohol intake can result in hypertriglyceridemia in 
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susceptible individuals. Alcphol consumption may 
increase the rate of lipogeresis, decrease the pro- 
portion of fatty acids that ars oxidized, increase the 
proportion of fatty acids taat are esterified, and 
impair triglyceride removal because of a reduction 
in lipoprotein lipase.” 


DISEASE STATES 

A. Metabolic disorders: (Discussed above) 

B. Renal diseases: Hyrerlipoproteinemia may 
occur with two different forms of renal disease: 
nephrotic syndrome and renal failure. In nephrotic 
syndrome, the most frequent plasma lipid abnor- 
mality is hypercholesterol2mia. This reflects an 
increase in the plasma concentrations of LDL. The 
concentrations of triglyceride and of VLDL are 
also increased. There is no consensus with respect 
to high-density lipoproteins (HDL), some report- 
ing increased, some unchanged, and some de- 
creased levels. The compcsition of VLDL and of 
LDL does not differ from that in normal individu- 
alg, £ 

. The causes of the lipoprotein concentration 
changes remain to be defined. Most agree that the 
production rates of both VLDL and LDL are 
increased.” Some feel that their catabolism is 
also decreased. However. that has not been a 
universal observation. The changes in lipoprotein 
turnover may result from a number of causes.” ”* 
They may be a consequence of the decreased level 
of albumin in the serum, together with the associ- 
ated changes in osmolality and/or in free fatty acid 
transport. They may also be associated with the 
loss of lipoproteins, part:cularly HDL, into the 
urine. Not only might this account for low plasma 
HDL levels, but it migkt reduce the available 
amounts of apo C-III, the activator of lipoprotein 
lipase. 

The coexistence of other abnormalities such as 
renal failure, or glucocorticoid treatment, will also 
influence lipoprotein kinetics in patients with neph- 
rotic syndrome. There is a vast body of evidence to 
link lipoprotein changes, such as those seen in 
nephrotic patients, to premature atherosclerosis in 


non-nephrotics. However, before reaching conclu- ` 


sions with respect to the role of dyslipoproteine- 
mias as risk factors for atherosclerosis in nephrot- 
ics, the possible confounding influences of other 
conditions such as hypertension and clotting abnor- 
malities must be considered.” 

Hyperlipidemia is also seen in patients with 
renal failure, even in those undergoing treatment 
with hemodialysis or peri-oneal dialysis. The most 
frequent abnormality is hypertriglyceridemia.* This 


reflects the accumulation of IDL. These patients 
may also have low HDL levels. They have an 
increased probability of developing premature ath- 
erosclerosis.” While this may result from their 
lipoprotein abnormalities, the impact of coexisting 
diseases such as hypertension and diabetes must 
also be recognized. 

Turnover studies suggest that the hypertriglycer- 
idemia results from a decrease in the catabolism of 
the triglyceride-rich lipoproteins.” This may be 
due to the presence of an inhibitor of lipoprotein 
lipase in the plasma of uremic patients.“ As in the 
case of nephrotic patients, associated diseases 
and/or treatment programs may modulate the con- 
centration and kinetics of the lipoproteins in these 
individuals. 

C. Paraproteinemias: Hypertriglyceridemia has 
also been seen in paraproteinemias associated with 
disorders such as systemic lupus erythematosus or 
myeloma. These disorders are associated with 
inhibited triglyceride removal,” perhaps due to a 
heparin-binding protein.” 


DRUGS 

A number of drugs may induce or aggravate 
hypertriglyceridemia. Among these, the two most 
commonly encountered groups are those that are 
used in the treatment of hypertension and those 
that contain estrogens. 

The antihypertensives include diuretics and ß 
adrenergic blockers. Of the diuretics, the thiazides 
and chlorthalidone are the ones that are most 
likely to raise serum triglyceride levels. The loop 
diuretics (e.g., furosemide) have a less well-defined 
triglyceride-elevating effect, and the potassium- 
Sparing diuretics (e.g., triamterene and spironolac- 
tone) appear to have no effect on triglycerides. In 
some instances, these effects on triglycerides paral- 
lel the induction or aggravation of carbohydrate 
intolerance. Hence, they may result from alter- 
ations in insulin—carbohydrate homeostasis. Other 
possible hormonal mediators of the diuretics’ effects 
may be the catecholamines, as these may be in- 
creased during therapy with some of the diuretics. 

The §-selective adrenoceptor blockers (e.g., 
metoprolol, atenolol, and practolol) have effects 
that are similar to, but less profound, than those of 
the nonselective blockers. Those B blockers that 
also have intrinsic sympathomimetic activity (ace- 
butolol, pindolol, and oxprenolol) appear to be 
neutral with respect to their effects on lipoproteins. 
Another in this general group of drugs is labetolol. 
It has both B- and a-blocking effects, the former 
being much stronger than the latter. It also appears 
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to be “lipoprotein neutral.” One other group of 
adrenergic blocking drugs are the a blockers, such 
as prazosin. This drug also does not increase 
plasma triglyc2rides. 

Two other groups of antihypertensive drugs that 
are increasing-y being used are the calcium channel 
blockers (e.g. diltiazem, verapamil, and nife- 
dipine) and ‘he angiotensin-converting enzyme 
inhibitors (e.g, captopril and enalapril). These two 
groups of drugs do not appear to have any effect on 
triglycerides. 

Another group of drugs that may have profound 
effects on plasma triglycerides are the steroids. 
Among these, the most frequently taken are the 
estrogens. The use of estrogens, either as hormonal 
replacement therapy or as a part of an oral contra- 
ceptive preparation, is accompanied by an increase 
in the levels 3f triglycerides in the plasma; the 
importance of this is greatest in those who already 
have underlyirg hypertriglyceridemia. In some of 
them, the estrogen-induced increase in triglycer- 
ides has been sufficient to precipitate an acute 
abdominal crisis. This is one of the circumstances 
in which the frequently observed inverse relation- 
ship between -riglyceride and HDL levels in the 
plasma does not occur. Estrogens appear to pro- 
duce their effects by increasing VLDL-triglyceride 
production and by decreasing the activity of he- 
patic lipase. Progestagens appear to oppose some 
of these effects of the estrogens. Thus, the overall 
effects of the cral contraceptives often depend on 
the balance between these opposite effects. 

Related to this family of compounds are the 
androgens anc the anabolic steroids. These ste- 
roids may actually result in a reduction of plasma 
triglycerides. The other steroid family that may 
alter plasma triglycerides are the glucocorticoids. 
They may increase plasma triglyceride concentra- 
tions both by their effects on carbohydrate-insulin 
homeostasis amd by a direct action to increase 
triglyceride production. 

Another group of drugs that has been used 
increasingly is the retinoids. These agents are 
particularly useful in the treatment of certain skin 
disorders, partizularly severe acne. They may, how- 
ever, produce hvpertriglyceridemia as an unpredict- 
able side effect Because of the unpredictability of 
hypertriglycericemia with any of the drugs men- 
tioned above, the plasma lipids should be moni- 
tored in patients using them. More detailed consid- 
erations of each of these drugs’ effects on plasma 
lipoproteins are found in a series of review arti- 
cles. 


CONCLUSION 

Hypertriglyceridemia may be secondary to a 
number of metabolic, hormonal, and nutritional 
influences, as well as to certain disease states and 
drug regimens. In several cases, the metabolic or 
nutritional disorders that are associated with hyper- 
triglyceridemia, including diabetes, obesity, hyper- 
uricemia, and glycogen storage disease are also 
associated with an increased risk for CVD. A 
multifactorial approach is needed to manage prop- 
erly secondary hypertriglyceridemias. 
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5. Epidemiology 
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uring the past 30 years, numerous epidemi- 
D ologic studies have addressed the question 

of wrether elevated levels of plasma tri- 
glyceride are related to an increased coronary 
heart disease (CHD) risk. Despite this extensive 
literature, interpretation of the results have not 
been straightforward, and controversy still exists as 
to the significance of this association. The meaning 
of multivariat2 statistical results, controlling for 
other lipid or lipoprotein-related variables, has 
been difficult to determine. In particular, the 
metabolic interrelationships between triglyceride 
and high-dens ty lipoprotein cholesterol (HDL-C) 
“makes it difficult indeed to evaluate the distinct 
risk of hypertriglyceridemia and of reduced HDL 
cholesterol.” 

This sectior. will review the epidemiologic evi- 
dence by considering results based on a variety of 
study designs and different populations of individu- 
als. Case-contol, angiographic and prospective 
studies in men, in women, and in diabetic subjects, 
all conducted in Western countries, will be summa- 
rized. Because cardiovascular disease (CVD) rates 
have traditionally been lower in Japan, studies of 
triglyceride and atherosclerosis in Japan will also 


be described. 


STUDIES IN MEN 

As early as 1959, the association between triglyc- 
eride and myocardial infarction (MI) was reported 
in a case-control study.’ Since that time, at least 15 
additional case-control or cross-sectional studies 
have been reported in men, generally using MI 
and/or angina as the endpoint of interest." 

With only ore exception,“ each of these studies 
found a univariate association between triglyceride 
and CHD. In six of these studies,” ?™2 the 
association of tziglyceride was also analyzed, con- 
trolling for either total plasma cholesterol (TC) or 
low-density lipcprotein cholesterol (LDL-C), and 
in each case the association persisted. Of the four 
studies in whick the confounding effect of HDL-C 
was also consicered, the triglyceride association 
remained significant in three," and disap- 
peared in one.’ 

In addition, many cross-sectional studies using 


angiographic determination of CHD severity have 
investigated triglyceride as a risk factor. Of 15 such 
studies, 12 found a univariate association between 
triglyceride and disease severity,” and three did 
not.” Of the five angiographic studies that ad- 
justed for TC or LDL-C, the association persisted 
in four”? and not in one.” Only one such study 
adjusted for HDL-C, and in this study the triglycer- 
ide association did not remain significant.” 

One serious potential bias in the case-control 
and cross-sectional studies is that these studies 
cannot determine if triglyceride elevations precede 
the onset of CVD. This factor is particularly 
important since lipid levels have been shown to 
change after acute MI.” To resolve these ques- 
tions, a prospective study design must be used. 

In general, prospective studies in men have also 
shown a significant association between triglycer- 
ide and CHD, although less consistently than the 
case-control studies. Of 16 prospective studies, 
varying in follow-up from 3 to 12 years, 13 found a 
univariate association,” and 3 did not.’**”* The 
results of multivariate analysis are more diver- 
gent, with the triglyceride association persisting 
after the adjustment for TC or LDL-C in 8 stud- 
ies," ©" but not persisting in 4 studies. 44 
In the 3 studies that controlled for HDL-C, none 
showed a significant multivariate association for 
triglyceride.**” 


STUDIES IN WOMEN 

The studies investigating triglyceride as a risk 
factor for CHD in women include three early 
studies from Framingham, Evans County, and 
Rochester, Minnesota. All three studies found a 
univariate association between CHD and triglycer- 
ide levels.’***"” In the Evans County study,” this 
relationship remained significant after controlling 
for TC, but HDL-C was not evaluated. In the 
Framingham Study,” triglyceride was a strong 
predictor among women over age 50. This result 
may be especially meaningful since the majority of 
CHD occurs among women in this age range. A 
series of studies in Scandinavia have consistently 
demonstrated a strong relationship of triglyceride 
with myocardial infarction, but not with angina 
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pectoris.°*? Based on angiographic data, two 
studies have shown a correlation between plasma 
triglyceride and the severity of CHD in women.”” 
Both demonstrated this correlation after adjusting 
for TC, but in only one study was the correlation 
independent of HDL-C.” 

Two recent studies have considered the associa- 
tion of triglyceride and CED mortality in women. 
In the Lipid Research Clinics Follow-up study of 
8.5 years, only a borderline association was re- 
ported (p=0.089), although the relative risk was 
2.2." This association decreased somewhat with 
the adjustment for LDL-C and HDL-C as well. In 
an ecologic study of CHD mortality rates in 19 
countries, however, no asscciation was found.” 


STUDIES IN DIABETICS 

It is well established that the risk for CHD is 
increased in diabetics and that risk factor levels are 
also elevated.” Four recent studies, two cross- 
sectional and two prospective studies, have consid- 
ered the role of plasma tr:glycerides in the risk of 
CHD among diabetics. 

In a substudy of the WHO multinational study, 
the association of serum triglyceride levels and 
ischemic heart disease was considered among 1,911 
“established diabetic patients” in the age range of 
35 to 54 years from five sites.” In these cross- 
sectional data, triglyceride levels were significantly 
higher among subjects wizh major Q-wave abnor- 
malities compared with sutjects without such abnor- 
malities. Multivariate analysis using logistic regres- 
sion revealed that the triglyceride association 
remained significant and independent of age, adi- 
posity, cholesterol, and 3ystolic blood pressure. 
However, HDL-C was not considered in the analy- 
sis. 

In a cross-sectional study of 1,059 Finnish sub- 
jects with non-insulin-dependent diabetes, ages 45 
to 64 years, triglyceride was significantly associated 
with definite MI in both men and women.” In a 
separate publication, mu_tivariate analyses in the 
same sample of diabetic subjects were reported, 
including TC and HDL-C as covariates.” In these 
models, triglyceride was rot independently associ- 
ated with definite MI, probable CHD, or angina 
pectoris in men or women. 

In the Schwabing study, 520 diabetic outpa- 
tients, ages 17-84, were followed for 5 years for 
incidence of major vascular events (including car- 
diovascular death, stroke, significant coronary heart 
disease, and gangrene).” Subjects with a major 
vascular event had higher age-adjusted mean trig- 
lyceride levels, although the result was only of 


borderline significance in men. The results in 
women remained significant in multivariate analy- 
ses including systolic blood pressure, duration of 
diabetes, and several interaction terms. Multivari- 
ate analyses including other lipid measurements 
were not reported. 

In the Paris Prospective Study, men ages 43-54 
years with either impaired glucose tolerance or 
diabetes were followed for an average of 11 years.” 
Baseline triglyceride levels were significantly higher 
in men with death caused by CHD, and this 
association persisted after the adjustment for a 
number of other risk factors including smoking, 
systolic blood pressure, body mass index, and 
cholesterol. 


STUDIES IN JAPAN 

Traditionally, the incidence of CHD has been 
substantially lower in Japan than in the industrial- 
ized West. It has been generally thought that this 
is, in part, related to the lower serum lipid levels 
among the Japanese individuals when compared 
with Western subjects. Over the past few decades, 
however, the incidence of CHD in Japan has been 
increasing. This change appears to parallel the 
westernization of diet and the gradual increase in 
the lipid levels seen in Japan since World War 
rr"! 

A. Trends in serum lipid levels in Japan: Since 
the 1960s, the serum lipid levels of the Japanese 
population have been monitored in a large, multi- 
center trial. Analysis of the data clearly shows 
an increase in both serum TC and triglyceride 
levels. From 1960 to 1980, mean serum TC levels 
increased by 15 mg/dL, and from 1970 to 1980, 
triglyceride levels in subjects older than age 50 
increased by more than 10 mg/dL. The 1990 survey 
data show additional increases in both TC and 
triglyceride levels. This trend is in contrast to data 
from the United States showing that the national 
effort to lower serum cholesterol levels is bringing 
positive results. In comparing the 1980s Japanese 
TC and triglyceride levels with the Lipid Research 
Clinics 1979 data,“ it is evident that both serum TC 
and triglyceride levels are higher in Japanese than 
in American individuals under 30. 

B. Trends in serum triglycerides and athero- 
sclerotic disease: In the past 10 years, many 
investigators in Japan have explored the associa- 
tion between serum triglyceride levels and athero- 
sclerotic CHD. In a cross-sectional study among 
hyperlipidemic patients in Japan,® the association 
of triglyceride with the prevalence of CHD was 
significant in familial hypercholesterolemic pa- 
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tients even after correction for serum TC levels. Of 
the case-control studies with myocardial infarction 
or angina pectoris as the endpoint, two showed a 
univariate association between triglycerides and 
CHD,’ while in the other two studies,™” serum 
triglyceride levels were not significantly higher in 
patients with atherosclerotic coronary disease than 
in normal cortrols. Of the three case-control stud- 
ies considering cerebrovascular diseases as the 
outcome, two”! showed significantly higher serum 
triglyceride levels in patients suffering from cere- 
bral infarctioa than in normal controls, while no 
association was seen in patients with cerebral 


bleeding.” 


CONCLUSION 

Although tae literature on epidemiologic associ- 
ations between plasma triglyceride and CHD is not 
completely coasistent, important trends do emerge. 
The majority of studies demonstrate a significant 
univariate relation, although the results of case- 
control and cross-sectional studies are more uni- 
form than those from prospective study designs. In 
many, but not all studies, triglyceride remains a 
significant predictor of CHD in multivariate statis- 
tical analyses controlling for TC or LDL-C. Per- 
haps the least consistent result is that the triglycer- 
ide association does not persist in some analyses 
controlling for HDL-C, while in other studies the 
association rerains significant. Although most stud- 
ies have been conducted in men, the studies 
providing data on women and diabetic subjects 
have generally found triglyceride to be a risk factor. 
In Japan, where the gradual rise in serum lipid 
levels has beer. associated with increased incidence 
of CHD, the role of triglyceride in atherosclerotic 
cardiovascular disease deserves additional study. 
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6. Laboratory Procedures 


G. Kostner mp, and R. Paoletti, mp (Reviewer) 


f | “Wriglycerides are transported to a major ex- 
tent im the chylomicron as well as in the 
very-Ilcw-density lipoprotein (VLDL) frac- 

tion of human plasma (Table II). Triglyceride 

makes up approximately 90% of the chylomicron 
mass and 50% of the VLDL mass. In dyslipidemia, 
appreciable amounts of triglyceride may be trans- 
ported in add.tion in intermediate-density lipopro- 
tein (IDL)/B-VLDL. The triglyceride content of 
these fractiors varies from 15 to 30%. All other 

lipoproteins—low-density lipoprotein (LDL), li- 

poprotein (a) [Lp(a)], and high-density lipoprotein 

(HDL)—contain triglyceride equal to 3-6% by 

mass. 

While plasma cholesterol values are rather sta- 
ble and acutely not very much influenced by diet, 
the fluctuations of triglycerides following meals are 
rather striking and vary to a great extent from 
person to person. Since humans normally are only 
a few hours in the “fasting state” during any 
24-hour period, postprandial measurements of trig- 
lycerides may reflect the atherosclerotic risk of a 
given individual more appropriately than fasting 
triglyceride values (see Chapter 2). However, trig- 
lycerides are usually measured in 12- to 14-hour 
fasting samples. 

Plasma triglyceride concentrations are pro- 
foundly influenced by the lipase activities as well as 
other enzyme; involved in the overall lipoprotein 
metabolism, 2.g., lecithin:cholesterol acyltrans- 
ferase and cholesteryl ester transfer protein. In 
order to assess the underlying defect of a given 
hypertriglycer.demia, the presence of apo C-H 
mutants, of apo E isoforms, and the levels of HDL 
and LDL musi be assessed. 

It is also worth noting that chylomicron—and 
possibly also YLDL remnants—may be the most 
atherogenic triglyceride-containing lipoproteins. 
This chapter, therefore, will concentrate on the 
methodology characterizing the type of hypertrig- 
lyceridemia in a specialized laboratory, giving em- 
phasis to those methods that prove to be most 
practical and precise. Since a global picture cannot 
be given here, the reader is referred to special 
literature. 


ANALYSIS OF TRIGLYCERIDES IN PLASMA 
(SERUM) 

A. Wet chemistry methods: It seems to be 
generally agreed that enzymatic procedures are the 
methods of choice in the clinical routine labora- 
tory. Nonenzymatic tests based on several different 
chemical reactions (Hantsch reaction, chromotro- 
pic acid method) are no longer in use.* Such 
enzymatic kits are available from many companies, 
e.g., Bio-Merrieux, Biotrol, Boehringer Mann- 
heim, Merck, Wako, and others. Although we 
found differences with respect to linearity and 
accuracy of assays from various companies, espe- 
cially if triglycerides were measured in lipoprotein 
fractions, no preference for a particular test is 
given here. For more sophisticated measurements 
of triglycerides in samples other than plasma, it 
might be advisable to evaluate the accuracy and 
linearity of individual tests beforehand. 

There are several enzymatic triglycerides assays 
on the market, the most common ones being: (1) 
the color tests, (2) the UV tests, and (3) the test 
combination that does not recognize free glycerol. 
Tests 1 and 2 are based on a first reaction of lipases 
that hydrolyze glycerides quantitatively giving yield 
to free glycerol. Test 3 destroys in a first reaction 
any resident free glycerol followed by the lipase 
reaction in a second step. If tests 1 and 2 are used, 
10 mg/dL (0.11 mmol/L) or 7% of the total triglyc- 
eride may be subtracted from the measured triglyc- 
eride values as a rough average bias. There are, 
however, conditions (diabetes mellitus, kidney dis- 
eases, etc.) in which free glycerol values are signifi- 
cantly elevated,” and test 3, which accounts for the 
free glycerol in the sample, becomes the method of 
choice. 

The color tests are based on various chemical 
reactions, the GPO-PAP method being the most 
common. In the UV test, the conversion of NADH 
to NAD* are the final pair of substances that are 
followed in UV light. UV and color tests give 
comparable results and correlate very well.° Thus, 
many autoanalyzers are set up with the color test 
since it is easier to handle. 

SAMPLE PREPARATION: Triglycerides may be mea- 
sured in plasma or serum. To measure triglycerides 
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TABLE II Human Plasma Lipoproteins Ranked According to TG Content 


% of Lipoprotein Mass 
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Density 
(kg/L) 







Lipoprotein 

















PL = phospholipid; FC = free cholesterol; CE = cholesteryl esters; TG = triglyceride 


in plasma by the GPO-PAP method, heparin or 
EDTA must be used as an anticoagulant. Serum/ 
plasma samples may not be stored for more than 
2-3 hours at room temperature. At 4°C, samples 
are stable up to 4 days, at —20°C, at least 1 month. 

B. Dry chemistry methods: Dry chemistry on 
solid phase have gained wide acceptance in routine 
analysis of triglycerides.’ These methods, using 
different enzymatic test principles, are offered by 
various companies, e.g., Ames (Seralyzer), Boeh- 
ringer Mannheim (Reflotron), Kodak (Ektachem 
DT 60), Kyoto Daiichi (Spotchem), and Roche 
(Cobas Ready). 

SAMPLE PREPARATION: As in wet chemistry, the 
dry chemistry methods for triglycerides use serum 
or plasma samples. A few systems (e.g., Reflotron) 
additionally allow the determination of triglycer- 
ides directly in whole blood (capillary or venous). 
This procedure, providing test results within 3 
minutes, facilitates on-the-spot diagnosis. 


TRIGLYCERIDE ASSAYS IN LIPOPROTEIN 
FRACTIONS 

A. Precipitating agents: Most of the precipitat- 
ing agents for assaying HDL cholesterol are equally 
suited to measure triglyceride contents. Since there 
is a great number of such reagents on the market, 
physicians should ask whether such reagents are 
compatible with the appropriate triglyceride as- 


Chylomicrons <1.0009 1 

VLDL <1.005 5-130 10 54 16 7 13 

IDL <1.013 3.5 17 20 20 9 34 

HDL, <1.125 0.36 42 6 34 5 13 

LDL <1.063 2.5 23 4 21 11 41 

Lp(a) <1.109 5.5 34 3 18 9 36 
<1.21 3 3 






triglycerides are calculated by subtraction from 
total plasma triglycerides. 

IDL-TG: The bottom fraction obtained after 
VLDL removal is adjusted to a density of approxi- 
mately 1.040 and overlayered with NaCl of density 
1.019. All further steps are equal to those for 
VLDL separation. Under these conditions, IDL 
float to the top and may be assayed for triglycer- 
ides. Beside the stepwise procedures, there are 
numerous publications describing single-step isola- 
tion of triglyceride-rich lipoproteins in density 
gradients, using swinging bucket or zonal rotors.>™ 
It must be mentioned here that high salt concentra- 
tions interfere to a variable degree with various 
triglyceride assays. Interference also occurs if sam- 
ples are dialyzed, as most dialysis bags are stabi- 
lized with glycerol. 


ANALYSIS OF PARAMETERS INFLUENCING 
PLASMA TG VALUES (TABLE Iil) 

A. Postheparin lipolytic activity: After intrave- 
nous administration of heparin, mainly two types of 
lipases, lipoprotein lipase and hepatic triglyceride 
lipase, are released into the plasma. These lipases 
must be determined individually in order to charac- 
terize the basic defect of any hypertriglyceridemia. 


TABLE Ill Laboratory Parameters Relevant for Typing 
Hypertrighyceridemias 


says. Special attention is necessary if polyethylene Parameter Method Reference 
glycol is used as a reagent, since many batches give PHLA (LPL, HL) Radioassay 
very high backgrounds because of the appreciable eae) 
amounts of free glycols. Radioassay 
B. Utracentrifugation’*: VLDL-TG, IDL-TG Ultracentrifuge 


VLDL-TG: To measure triglycerides in VLDL, 
plasma or serum samples are overlayered with 0.15 
mol/L NaCl solutions (isotonic saline) and centri- 
fuged for 18 hours at 120,000 xg in a fixed angle or 
swinging bucket rotor. Care must be taken to cut 
the tubes at the appropriate position or aspirate 
the top layer by a syringe. Triglycerides are nor- 
mally measured in the bottom fraction and VLDL- 





LDL-C Friedewald formula 
Uitracentrifuge 
Precipitation 
Precipitation 
immunoassays 
Isoelectric focusing 
Western blotting 


Molecular biology 


HDL-C 
HDL-C 
Apolipoproteins 
Apo E isoforms 
Apo C-l 
Apo B variants 
LPL = lipoprotein lipase; HL = hepatic lipase; LCAT = lec thin:cholestero! 
acyltransferase; CETP = cholesteryl ester transfer protein; PHLA = postheparin 
lipolytic activity 
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Although most of the methods proposed sound 
rather straigatforward, the postheparin—lipolytic 
activity assay is probably one of the most compli- 
cated methods of the lipoprotein laboratory. This 
relates not only to the different kinetics of both 
lipases, but lso to the heterogeneity of the sub- 
strate (postheparin—lipolytic activity hydrolyzes both 
triglycerides end phospholipids). 

For the re ease of postheparin lipolytic activity 
from endothelial surface, 100 units of heparin per 
kg of body weight are injected intravenously, and 
citrate plasma samples are drawn 10, 20, and 30 
minutes thereafter. 

The most commonly used method to assay the 
enzymes is that of Krauss et al.” or any modifica- 
tion of it, using radiolabeled triglyceride emul- 
sions. In a first step, total activity is measured 
followed by a second assay performed after inacti- 
vation of lipoprotein lipase by protamine sulfate. 
As protamine sulfate binds to many serum pro- 
teins, the actual amount necessary for lipoprotein 
lipase inactivation may vary significantly from sam- 
ple to sample Thus, whenever possible, a specific 
antibody that zither removes lipoprotein or hepatic 
lipase should be used instead.” Another possibility 
might be to use substrates that can be hydrolyzed 
selectively only by one type of lipase.” 

B. Lecithin:cholesterol acyltransferase: Leci- 
thin:cholesterol acyltransferase is another impor- 
tant enzyme in this context. There are two basic 
activity assays known: the Stokke-Norum and the 
Glomset and “Wright methods.” While the former 
uses endogencus substrate only, the latter is based 
on the saturation of the incubation mixture with 
exogenous HEL. Thus, the activities obtained may 
differ quite substantially. In addition to the mea- 
surement of accivities, lecithin:cholesterol acyltrans- 
ferase mass is now assayed immunochemically by 
ELISA and RIA using polyclonal or monoclonal 
antibodies. Lecithin:cholesterol acyltransferase de- 
ficiencies may be caused by structural defects of 
the enzyme. In such cases, lecithin:cholesterol 
acyltransferase mass may be normal, but its activity 
reduced. 

We have modified and combined some earlier 
lecithin:choles-erol acyltransferase assays yielding 
a procedure that can be performed on a relatively 
large scale and short period of time.” The lecithin: 
cholesterol acyltransferase activity may be ex- 
pressed in rate units (percentage per hour) or in 
transfer activity (nmoles FC/mL/h). 

C. Cholesteryl ester transfer protein: Cho- 
lesteryl ester t-ansfer protein transfers/exchanges 
core lipids frcm/between lipoproteins of higher 


density (HDL,,,) to those of lower density (VLDL/ 
IDL/LDL). Here again, the measured activity de- 
pends on the presence of various amounts of 
endogenous substrate. A method that is indepen- 
dent of that has been recently proposed.” Similar 
to lecithin:cholesterol acyltransferase, cholesteryl 
ester transfer protein mass may be measured 
immunochemically. 


DETERMINATION OF HDL AND LDL 
CHOLESTEROL 

A. HDL cholesterol (HDL-C): There are many 
commercial kits on the market using a large array 
of agents, such as phosphotungstic acid, heparin/ 
Mn’*, dextran sulfate/Ca’*, and many others, to 
precipitate selectively the apo B-containing lipopro- 
teins [VLDL/IDL/LDL + Lp(a)].”* In the superna- 
tant, cholesterol, triglycerides, or phospholipids 
may be assayed enzymatically. In addition, HDL, 
and HDL, may be assayed individually by the use 
of precipitating agents. In that respect, polyethyl- 
ene glycol in our hands gives results that correlate 
most favorably with those obtained by preparative 
ultracentrifugation.” 

Preparative and analytical ultracentrifugation 
still remain the reference methods for the quantiza- 
tion of individual lipoprotein density fractions.” 
These methods, however, cannot be applied on a 
large scale and hardly account for the contamina- 
tion of HDL by apo B-containing lipoproteins 
{Lp(a) and others]. 

B. LDL cholesterol (LDL-C): LDL-C is mostly 
calculated by the Friedewald formula”: 


LDL-C = TC—HDL-C—TG/5 


The Friedewald formula proved to be rather 
precise for samples with triglyceride values < 400 
mg/dL. Above this, it should be preferable to mea- 
sure LDL-C directly.’ 


APOLIPOPROTEIN ASSAYS 

A. Apolipoprotein levels: Apolipoproteins trig- 
ger the whole lipoprotein metabolism, including 
triglycerides, and thus may be assayed quantita- 
tively by the use of any immunochemical method. 
The most frequently quantified apolipoproteins 
are apo B, apo A-I/A-II, and Lp(a).” 

Of more urgent interest than the amount of a 
given apolipoprotein is the question of whether 
genetic polymorphic forms or mutants may be 
causing hypertriglyceridemia. Here the apo E and 
C-II are the most prominent ones. 

B. Apo-E isoforms: Apo E exists in various 
isoforms differing mostly by charge differences of 
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the protein. The most common forms are E2, E3 
(wild type), and E4. Isoforms are more easily 
separated by isoelectric focusing of plasma in a pH 
gradient of 4-6, followed by Western blot analysis. 
There are a great number of assays described in the 
literature. Two of them are particularly effec- 
tive.” 

C. Apo C-II: Its absence in the plasma or the 
presence of inactive genetic variants of apo C-l 
are accompanied by hypertriglyceridemia resem- 
bling type I hyperlipidemia. Apo C-II may be 
assayed using isoelectric focusing, followed by 
Western blotting,” or by any quantitative immuno- 
chemical assay. 

Molecular biology methods are becoming more 
applicable on a routine basis” as, for example, 
restriction fragment length polymorphism (RFLP), 
polymerase chain reaction (PCR), and others. 
These new methods in the n2ar future will open up 
a completely new way of classifying hyperlipopro- 
teinemias and dyslipoproteinemias. 


CONCLUSION 

Any differential diagnosis of hypertriglyceri- 
demia has to include the m2zasurement of HDL-C 
and LDL-C. In special cases, apolipoprotein con- 
centrations as well as isoform patterns may be 
analyzed. In addition, the assessment of enzyme 
activities, such as postherarin lipolytic activity, 
lecithin:cholesterol acyltransferase, and cholesteryl 
ester transfer protein, is aseful in defining the 
underlying defect in hypertnglyceridemia. 
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7, Management of Hypertriglyceridemic 
Patients 


A. TREATMENT CLASSIFICATIONS AND GOALS 


G. Assmann, mp, D.J. Betteridge, mp, A.M. Gotto, Jr., mp (Reviewer), and G. Steiner, MD 
(Reviewer) 


and 1387 to discuss the primary prevention 

of coronary heart disease (CHD) and the 
recognition and treatment of hyperlipidemia in 
adults. Meamwhile, expert panels in the United 
States developed documents on the treatment of 
hypertriglyceridemia and hypercholesterolemia, al- 
though the d>cument on hypertriglyceridemia may 
not be cons.stent with current opinion.’ These 
various statements recognize that in addition to 
dyslipidemia, several other cardiovascular disease 
(CVD) risk =actors are important (hypertension, 
cigarette smoking, sex, family history, diabetes 
mellitus, low high-density lipoprotein [HDL] cho- 
lesterol, and obesity). 

The Eurovean guidelines and the U.S. guide- 
lines have many points in common but differ in 
several impo-tant emphases. The 1984 NIH Con- 
sensus Conference on Hypertriglyceridemia in the 
United States defined hypertriglyceridemia as a 
fasting value 2reater than 500 mg/dL, with 250-500 
mg/dL given zs borderline.’ The most recent guide- 
lines of the National Cholesterol Education Pro- 
gram in the United States lists triglycerides greater 
than 1,000 mg/dL as a risk factor for abdominal 
pain and panzreatitis.’ The triglyceride concentra- 
tion enters the calculation for low-density lipopro- 
tein (LDL) ckolesterol but otherwise does not play 
a part in the algorithm for diagnosis and manage- 
ment of hypercholesterolemia. 

In contrast, the European guidelines for the 
treatment of dyslipidemias use a combination of 
the total cholesterol, triglyceride, other risk fac- 
tors, and the presence or absence of coronary 
disease in its algorithm.*“ 


‘|= European conferences were held in 1986 


ISOLATED MODERATE 
HYPERTRIGLYCERIDEMIA 

Patients w-th plasma cholesterol values below 
200 mg/dL (3.2 mmol/L) and triglyceride levels 
between 200 ng/dL (2.3 mmol/L) and 400 mg/dL 


(4.5 mmol/L) are defined as having isolated moder- 
ate hypertriglyceridemia (Table IV). The underly- 
ing cause of the hypertriglyceridemia should be 
determined. The hypertriglyceridemia may be 
caused genetically, as in the case of familial hyper- 
triglyceridemia and familial combined hyperlipi- 
demia. Secondary causes may include obesity, ex- 
cessive alcohol consumption, diabetes, estrogen 
therapy, renal failure, and antihypertensive agents, 
in particular 6-blockers or thiazide diuretics. Sec- 
ondary hypertriglyceridemia should be treated by 
treating the underlying cause. 

Of considerable current interest is the cluster- 
ing of hypertriglyceridemia with low HDL concen- 
trations, hypertension, obesity, and insulin resis- 
tance. This syndrome has been termed “syndrome 
X” by Reaven and others.” 

If the patient is overweight, calories should be 
reduced, and the primary focus should be on 
weight. In the basic diet, daily fat consumption 
should be restricted to no more than 30% of the 
total caloric intake, with an approximate equal 
distribution between monounsaturated, polyunsat- 
urated, and saturated fat.*° Cholesterol intake 
should be less than 300 mg per day. Both choles- 
terol and triglyceride levels should be monitored. 
(Additional dietary suggestions are reviewed in 
Chapter 7B.) It is not clear whether these individu- 
als are susceptible to a high consumption of sugars 
or simple carbohydrates. Restriction of these carbo- 
hydrates may be required in some individuals. If 
needed, a fibric acid derivative or nicotinic acid 
would be the drug of choice, but the great majority 
of the patients with mild hypertriglyceridemia can 
be managed with dietary control alone. 

While treatment of isolated moderate hypertri- 
gylyceridemia may be controversial, there is ample 
evidence that triglyceride-rich remnant lipopro- 
teins are atherogenic and that hypertriglyceri- 
demia frequently occurs in patients with coronary 
disease, particularly in association with low levels 
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TABLE IV Management Suggestions for Hypertriglyceridermia 





Consider 
Contributing 
Causes 


isolated Moderate 
Hypertriglyceridemia (HTG) 


Triglycerides 200—400 mg/dL” 
(2.3—4.5 mmol/L) 

Total cholesterol < 200 mg/dL 
(< 5.2 mmol/L) 


Genetics 

Diabetes 

Obesity 

Renal failure 

Alcohol excess 
Estrogen therapy 

Beta blockers; thiazides 


Consider 
Contributing 


Mixed HTG Causes 


Triglycerides 200-400 mg/dL 
(2.3—4.5 mmol/L) 

LDL cholesterol > 130 mg/dL 
(> 3.4 mmol/l) 


Genetics 

Type ili hyperlipidemia 
Familial hypercholesterolemia 
Diabetes 

Obesity 

Renal failure 

Nephrosis 
Hypertension 

Alcohol excess 
Estrogen therapy 

Beta blockers; thiazides 


Consider 
Contributing 


Severe HTG Causes 


Triglycerides > 400 mg/dL 
(> 4,5 mmol/L) 


Genetics 
Familial HTG 


With Persistent 
HTG and One of the 
Following 


Persenal history of CVD! 

Family history of CVD 

Familial combined hyperlipidemia 
Familial dysbetalipoproteinemia 
Familial HTG 

Diabetes 

HDL cholesterol <35 mg/dL 
LDL cholesterol > 130 mg/dL 
Smoking 

Hypertension 

Male Sex 


With Persistent 
- HTG and 

LDL cholesterol 

> 130 mg/dL 


Follow NCEP! 

or 

European Guidelines 
(Group DY 


With Persistent 
HTG 


Familial lipoprotein lipase deficiency 


Familial apo C-!] deficiency 
Type II] hyperlipidemia 
Type V hyperlipidemia 
Diabetes 

Obesity 

Renal failure 

Nephrosis 
Hypertension 
Hypothyroidism 

Alcohol excess 

Estrogen therapy 

Beta blockers; thiazides 


*TG = 400 mg/dl cutoff point has been selected due to the technical limitation in estimating LDL cholesterol (see Chapter 6). 


More aggressive treatment may be considered. 


According to recommendations of the Amedcan Heart Association and the opan Guidelines 


‘if diet alone faiis and the patient remains st high risk for CVD or pancreatitis ( 
patients is controversial and its efficacy on CHD has not been established. 

See reference 2. 

‘See references 3 and 4. 


of HDL. Treatment of moderate hypertriglyceri- 
demia should be considered in the presence of 
known coronary disease, femilial combined hyper- 
lipidemia, type IH hyperlipidemia, familial hyper- 
triglyceridemia with a family history of CHD, renal 
diseases, diabetes mellitus, HDL cholesterol under 
35 mg/dL or LDL cholesterol over 130 mg/dL, 
smoking, and hypertension. In general, males are 
at higher risk than females. In addition, elevated 
serum LP(a) and serum fibrinogen concentrations 
are recognized as coronary risk factors; their pres- 





G > 1,000 mg/dL), drug treatment may be considered. Use of a drug to reduce C-1D risk in such 


ence may put the hypertriglyceridemic individuals 
at higher relative risk. 


MIXED HYPERLIPIDEMIA 
Patients with an LDL cholesterol level > 130 
mg/dL (3.4 mmol/L) and a triglyceride level of 


200-400 mg/dL (2.3-4.5 mmol/L) are defined as 


having mixed hyperlipidemia (Table IV). In treat- 
ing these patients, the overall risk of CHD should 
be assessed, and the underlying cause of the 
hypertriglyceridemia should be determined and 


THE HYPERTRIGLYCERIDEMIAS 31A 


treated. The diagnostic possibilities are the same 
as those described above for isolated moderate 
hypertriglyceridemia, except that these patients 
might also fave familial dysbetalipoproteinemia, 
familial hypz2rcholesterolemia, nephrosis, or hy- 
pothyroidisr. 

Although the lipid elevations are often mild, 
mixed hyperipidemia carries an increased CVD 
risk. Patients, especially those with non-insulin- 
dependent dmbetes mellitus (NIDDM), often have 
depressed HL levels as well. These patients may 
also have abcominal, or male-type, obesity, relative 
insulin resistence, and hyperinsulinemia. Hyperten- 
sion has alsc been described in association with 
this syndrome. Moreover, the LDL and HDL 
particles are small, dense, and have an increased 
content of apo B-100. The term “hyperapobeta- 
lipoproteineria” has been used to describe this 
condition. 

These lipics/lipoprotein anomalies probably con- 
tribute to the enhanced risk of CHD and periph- 
eral vascular disease in NIDDM patients. Indeed, 
the recent European Consensus on NIDDM stated: 
“In view of the importance of cholesterol and 
triglyceride as risk factors for macrovascular dis- 
ease in NIDDM, it is strongly recommended that 
total cholestezol, HDL cholesterol and triglyceride 
are checked ennually. If results are abnormal and 
intervention is appropriate, values should be 
checked every 3 months.” 

In patients with mixed hyperlipidemia, every 
effort should be made to exclude potential second- 
ary causes. For example, in a diabetic patient, in 
order to detezmine whether hyperlipidemia is pri- 
mary or secordary, it is first necessary to bring the 
diabetes under good control. If the patient then 
remains hyperlipidemic, the hyperlipidemia is said 
to be primary. If the hyperlipidemia is corrected by 
the control of the diabetes, the hyperlipidemia is 
said to be seccndary. 

Mixed hyperlipidemia is greatly exacerbated by 
obesity. If the patient is overweight, a calorie- 
restricted diet*® should be prescribed. Every effort 
should be mace to control the hyperlipidemia with 
diet or a combination of diet and exercise before 
using drugs. However, drug treatment should be 
considered if the overall risk of CHD is high, 
particularly if LDL cholesterol or triglyceride lev- 
els remain high, or HDL cholesterol levels remain 
low. At the present time, the fibric acid derivatives 
appear to be tne drugs of choice if glucose intoler- 
ance is presert. A recent report also indicates an 
effective use of HMG-CoA reductase inhibitors in 
NIDDM patients with mixed hyperlipidemia. Nico- 


tinic acid is very useful but will often exacerbate 
diabetes. 

As yet, there have not been any primary preven- 
tion trials specifically testing the effects of triglycer- 
ide-lowering therapy on CHD risk. Nonetheless, 
subgroup analyses of data from several cholesterol 
studies have demonstrated the combined benefits 
of cholesterol and triglyceride modification. 

In the Helsinki Heart Study, patients with mixed 
hyperlipidemia (type IIb) who took the fibric acid 
derivative gemfibrozil showed the largest reduction 
in coronary events.* Furthermore, in two secondary 
prevention trials, patients treated with nicotinic 
acid, a drug with potent hypotriglyceridemic effect, 
had fewer coronary events and less overall mortal- 
ity than did controls.” In one of these secondary 
trials, namely the Stockholm Ischemic Heart Dis- 
ease Study, the reduction in mortality was greater 
the more the triglycerides were lowered.’ Finally, 
patients in two angiographic studies, in which 
nicotinic acid and bile acid resin were used as part 
of the lipid-lowering therapy, experienced athero- 
sclerotic regression. 

The results so far reported from the Cholesterol 
Lowering Atherosclerosis Study (CLAS)'*” and 
the Familial Arteriosclerosis Treatment Study 
(FATS)” show a stabilization and/or regression of 
coronary plaques in patients vigorously treated 
with drugs that decrease LDL and triglycerides 
while raising HDL cholesterol. However, the iso- 
lated effect of raising HDL remains to be estab- 
lished. Two other studies using coronary arteriogra- 
phy, the Leiden Diet Trial’* and the NIH Type II 
Coronary Intervention Trial,” showed that the best 
predictor of atherosclerosis progression was the 
ratio of total to HDL cholesterol. There have been 
no clinical trials in which hypertriglyceridemic 
patients were specifically recruited; the trials men- 
tioned above are suggestive, but not definitive. 
Therefore, the use of drugs for triglyceride lower- 
ing is done with incomplete information and should 
be based on clinical judgment. 


SEVERE HYPERTRIGLYCERIDEMIA 

Patients with triglyceride levels >400 mg/dL 
(4.5 mmol/L) are defined as having severe hypertrig- 
lyceridemia (Table IV). Patients in this group 
should be cared for by specialists in lipid metabo- 
lism, who should attempt to provide a precise 
diagnosis of the underlying metabolic defect and 
initiate treatment. Possible underlying causes of 
severe hypertriglyceridemia must be excluded and 
treated. In addition to the probable causes dis- 
cussed above, the specialist must also rule out 
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familial hypertriglyceridemia, familial type V hyper- 
lipidemia and chylomicronemia syndrome, either 
due to familial lipoprotein lipase deficiency or 
familial apo C-II deficiency. Potential secondary 
causes include uncontrolled diabetes mellitus, hy- 
pothyroidism, and glycogen s:orage disease. 

The initial treatment ap>roach for these pa- 
tients is a diet recommended for moderate hyper- 
triglyceridemia.*° Also, alcohol consumption should 
be totally eliminated, and the patient should be 
placed on a weight-reducing diet if he or she is 
obese. If fat intake is severely restricted, then 
dietary long-chained fatty acids may be supple- 
mented by medium-chained triglyceride. A fat- 
modified lipid-lowering diet should also emphasize 
the consumption of omega-3 fatty acids and cold 
water fish, including salmon, mackerel, sardines, 
tuna, and herring. 

If the underlying cause oZ the severe hypertrig- 
lyceridemia is familial lipoprotein lipase deficiency 
or familial apo C-I deficiency, then drug therapy is 
not useful. However, drugs can be used success- 
fully to treat familial hypertriglyceridemia and all 
other forms of severe hyper-riglyceridemia. Fibric 
acid derivatives are the drugs of choice. Nicotinic 
acid is also extremely effective, but it must be used 
with great caution if the pati=nt is diabetic. 


HYPERTRIGLYCERIDEMIA AND LOW HDL 
LEVELS 

As discussed in the earlier sections, triglyceride 
elevations are closely associated with low HDL 
concentrations. In the Helsinki Heart Study, the 
combined effect of lowering LDL and raising HDL 
caused a 34% reduction in CHD events over a 
5-year period, as compared with a double-blinded 
placebo group.® The fibric acid derivative gemfi- 
brozil was used in this study. A marked reduction 
in triglycerides also occurred, but the statistical 
analysis failed to indicate triglyceride as an indepen- 
dent CHD predictor. Recen: reviews by Austin and 


FIGURE 2. PROCAM Study: dyslipidemia 
and risk of CHD. Prevalence of dysllpl- 
demla and myocardial Infarction (Mi) In 
the Prospective Cardiovascular Mun- 
ster (PROCAM) Study.” 
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others have shown the inappropriateness of the 
current statistical methods of looking at triglycer- 
ide as an independent risk factor, since it is so 
closely tied to the HDL cholesterol level.’* On the 
basis of the Helsinki results, the FDA in the 
United States expanded the indication of gemfi- 
brozil for the prevention of CHD in type IIb 
patients (with elevated triglycerides and depressed 
HDL), if dietary and first-line drug therapy are 
ineffective. 

A recent analysis of the Prospective Cardiovas- 
cular Munster (PROCAM) Study strongly sup- 
ports the concept that the combined effects of 
hypertriglyceridemia (>200 mg/dL, 2.3 mmol/L) 
and low HDL cholesterol (<35 mg/dL, 0.9 mmol/L) 
in individuals affected by elevated ratios of total to 
HDL cholesterol (>5) is associated with a high 
risk of CHD (Figure 2).” The definition of “high- 
risk individuals” according to this epidemiologic 
data requires the simultaneous determination of 
total cholesterol, triglyceride, and HDL-choles- 
terol. 

Extensive data analysis of several epidemiologic 
and intervention studies by Gordon et al. also 
strongly supports the involvement of HDL in 
CHD.” In the Coronary Primary Prevention Trial 
(CPPT), the patients with HDL cholesterol levels 
<33 mg/dL, did not experience a rise in their HDL 
levels during the trial nor a reduction in CHD 
events, even though their LDL levels were re- 
duced. 

Based on the results of these various clinical 
trials and epidemiologic studies, depressed HDL 
levels in hypertriglyceridemic patients appear to 
increase the risk of atherosclerosis and, by implica- 
tion, the need for treatment. Low HDL levels often 
are associated with a lack of exercise, cigarette 
smoking and obesity. Antihypertensive treatment 
with B-blockers or diuretics may also lower HDL 
concentrations. 
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CONCLUSICN 

Triglycer:de levels should always be analyzed 
after an overnight fast, and at least two or three 
measuremerts should be made prior to the diagno- 
sis and determination of treatment. Secondary 
causes of hypertriglyceridemia should be identified 
and treated appropriately. The treatment of mod- 
erate hypert-iglyceridemia (200-400 mg/dL) is war- 
ranted in the presence of familial combined hyper- 
lipidemia, familial dysbetalipoproteinemia, existing 
coronary artery disease, a family history of coro- 
nary heart dsease, diabetes mellitus, chronic renal 
disease, low .evels of HDL cholesterol, or elevated 
LDL cholesterol. 

Many hyrertriglyceridemic patients can reduce 
their triglyceride levels through dietary and other 
nonpharmacologic approaches, such as weight re- 
duction and appropriate exercise. If nonpharmaco- 
logic treatm2nt proves ineffective, drug therapy 
may be cons dered, although this remains contro- 
versial. Fibri acid derivatives, nicotinic acid, and 
nicotinic acic derivatives are the drugs of choice. 

Patients with very severe hypertriglyceridemia 
(>1,000 mgdL or 11.2 mmol/L) are at risk of 
pancreatitis. In this group, more rigorous dietary 
fat restrictior (<20% total calories) is required. 
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7. Management of Hypertriglyceridemic 
Patients 


B. DIETARY MANAGEMENT OF HYPERTRIGLYCERIDEMIC 
PATIENTS 


R. Carmena, mD, and S .M. Grundy, mp (Reviewer) 


ietary therapy should always be the first 
D approach to treating hypertriglyceridemia. 

Dietary factors (caloric content, type of 
fat, and carbohydrate and alcohol intake) influence 
serum triglyceride levels through several mecha- 
nisms."? 

Hypercaloric diets have been shown to stimu- 
late the formation of trigkycerides in the liver, 
promoting the secretion o- VLDL particles. In 
addition, obesity frequently causes secondary hyper- 
triglyceridemia, a conditior usually corrected by 
reducing the caloric intake. Thus, a primary objec- 
tive of dietary treatment for aypertriglyceridemia is 
an adequate supply of daily calories in order to 
achieve and/or maintain the ideal body weight. 
Regular aerobic physical exercise may be useful 
both in reducing body werght and in correcting 
hyperinsulinemia, which is frequently associated 
with hypertriglyceridemia.** 

Amounts and types of fais are important in the 
dietary treatment of hypertr-glyceridemia. In famil- 
ial lipoprotein lipase and aro C-II deficiency (type 
I), hypertriglyceridemia is aggravated by dietary fat 
and is best treated by stringent reduction (less than 
15-20% of daily energy) af fat intake to reduce 
chylomicron input. An optirial fat intake should be 
identified for each type I patient, and for most, the 
diet must be a restricted one.” Medium chain 
triglycerides, which are absorbed by the portal vein 
and do not generate chylomicrons, can be used in 
cooking or as salad dressing as a supplement to 
normal dietary long-chain fatty acids once the 
optimal fat intake has been identified. A transient 
increase in very-low-density lipoprotein (VLDL) 
triglyceride may be induced by the high carbohy- 
drate content of very-low-fat diets, but in long-term 
management, this is of little significance.’ A substan- 
tial protein intake (15-17% of energy) permits a 
lower carbohydrate intake.* 

Saturated fat intake, in some patients, may 
increase triglyceride levels, possibly by effecting 


VLDL metabolism.’ A reduction in the number of 
hepatic low-density lipoprotein (LDL) receptors 
has been proposed, and this may also reduce liver 
uptake of VLDL remnants. Therefore, saturated 
fatty acids intake should be reduced to less than 
10% of daily enérgy in the dietary management of 
hypertriglyceridemia. 

The dietary content of polyunsaturated fatty 
acids is particularly significant in the hypertriglycer- 
idemic subject. When diets rich in fatty acids of the 
n-6 series (linoleic acid, c18:2,n-6, present in corn 
oil) are given to hypertriglyceridemic patients, 
there is frequently an increase in the fecal excre- 
tion of cholesterol and bile acids; a well-known 
reduction in serum cholesterol also occurs.” Li- 
noleic acid feeding also lowers triglycerides, al- 
though this is not a universal response. In any case, 
the substitution of linoleic acid for saturated fatty 
acids is recommended for the dietary treatment of 
hypertriglyceridemia. Monounsaturated fatty acids 
will probably serve the same purpose, and they do 
not have several of the potential disadvantages of 
high intakes of linoleic acid. 

Polyunsaturated fatty acids of the n-3 series 
(fish oils) have been shown to reduce significantly 
hypertriglyceridemia in hyperlipidemic phenotypes 
IIb, III, IV and V. Their hypotriglyceridemic action 
is dose dependent and is explained by a marked 
reduction of the hepatic synthesis of VLDL- 
triglycerides.° Thus, consumption of fish, which 
contain high amounts of n-3 long-chain fatty acids, 
may have a therapeutic benefit in patients with 
hypertriglyceridemia and is recommended as a 
source of fat in their diet. In severe hypertriglyceri- 
demias (i.e., type V hyperlipidemia), the use of fish 
oil capsules has been successfully employed for 
reducing excess levels of chylomicrons. The opti- 
mal dosage, however, remains unknown.’ 

In some diabetic patients with hypertriglyceri- 
demia, the administration of fish oil capsules has 
impaired diabetic control and increased LDL and 
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TABLE V Lipd-Lowering Diet 


Fats 


Meat 


Dairy products 


Fish 


Fruits and vege.ables 


Nuts 
Cereal foods 


Prepared foods 


Beverages 


Preserves, spreads, 
sweets 


Miscellaneous 


See References 4 ind 5. 


Advisable 
All fats should be limited. 


Chicken, turkey, veal, rabbit, game. 


Skimmed milk; low-fat cheeses: eg, cot- 
tage cheese, quark (skimmed milk 
soft cheese}, curd cheese; egg whites; 
low-fat yoghurt. 


All white fish: eg, cod, haddock, plaice; 
oily fish: eg, herring, mackerel, sar- 
dines, tuna, salmon. 

All fresh and frozen vegetables: Peas, 
beans, sweet corn, dried beans of all 
kinds (eg, haricot, red kidney, butter 
beans, lentils, chick peas) are particu- 
larly high in “soluble fiber”; jacket or 
boiled potatoes (eat skins wherever 
possible); fresh fruit, unsweetened 
tinned fruit, dried fruit. 

Walnuts, chestnuts. 

Wholemeal flour, wholemeal bread, 
wholegrain cereals, oatmeal,, corn- 
meal, porridge, oats, sweet corn, 
wholegrain rice, pasta, crispbreads, 
oatcakes, matzos. 

Low-fat puddings: eg, jelly, sorbet, 
skimmed milk pudding, low-fat yo- 
ghurt, low-fat sauces. 


Tea, coffee, mineral water, slimline or 
sugar-free soft drinks, unsweetened 
fruit juice. Clear soups, home-made 
vegetable soup. Low-alcoho! beer. 

Clear pickles. Sugar-free sweateners: eg, 
saccharine tablets or liquid aspartame 
sweetener. 


Herbs, spices, mustard, pepper, vinegar. 


Low-fat dressings: eg, lemon or low- 
fat yoghurt. 


in Moderation 


Oils or margarine labeled “high in poly- 
unsaturates.” Sunflower oil, corn oii, 
soya oil, safflower oil, olive oil, cotton- 
seed oil. Low fat spreads. 


Lean beef, bacon, ham, pork, lamb, lean 
mince meat, good quality burgers, 
liver and kidney. 


Semi-skimmed milk. Medium-fat 
cheeses: eg, Edam, Camembert, 
Gouda, Brie, cheese spreads, pro- 
cessed cheese, Parmesan in small 
quantities. Half-fat cheeses; 1—3 
whole eggs a week. 

Fish fried in suitable oil, shellfish. 


Chips and roast potatoes if cooked in 
suitable polyunsaturated fat. Avocado 
pears, fruit in syrup, crystallized fruit. 


Almonds, brazil nuts, hazelnuts. 

White flour, white bread, sugary break- 
fast cereals, white rice & pasta, plain 
semi-sweet biscuits, water biscuits. 


Cakes, pastry, puddings, biscuits, and 
sauces made with suitable margarine 
or oil. Home-made snacks made with 
polyunsaturated fat. 


Sweet soft drinks, low-fat malted drinks 
or low-fat drinking chocolate, occa- 
sionally. Packet soups, meat soups, 
alcohol. 

Sweet pickles and chutney, jam, mar- 
malade, honey, syrup, marzipan, pea- 
nut butter and lemon curd. Boiled 
sweets, pastilles, peppermints, sugar, 
sorbitol, glucose, fructose. 

Meat and fish pastes. Low-calorie salad 
cream or low-calorie mayonnaise, bot- 
tled sauces. French dressing, spar- 
ingly. Soy sauce. 


Not Advised 


Butter, meat drippings, lard, suet, palm 
oil, coconut ol, margarines not fa- 
beled “high in polyunsaturates,” cook- 
ing or vegetable oil of unknown origin. 
Hydrogenated fats and oils. 

Visible fat on meat (including crackling), 
breast of lamb, pork bellies, streaky 
bacon, sausages, salami, pate, lun- 
cheon meat, scotch egg, duck, goose, 
pork pies, meat pastries. Skin on poul- 
try. 

Full cream milk, evaporated or con- 
densed milk, cream, imitation cream. 
Full-fat cheeses: eg, Stilton, cheddar, 
Cheshire, cream cheeses. Fuli-fat yo- 
ghurt. 


Fish roe. 


Chips or roast potatoes cooked in unsuit- 
able oil or fat. Oven chips. Potato 
crisps. 


Coconut. 

Fancy breads: eg, croissants, brioche, 
savoury cheese biscuits, bought 
pastry. 


Cakes and pastry puddings and biscuits 
made with saturated fats. Suet dump- 
lings and puddings, butter and cream 
sauces. All proprietary puddings and 
sauces. Deep-fried snacks. Dairy ice- 
cream. 

Irish coffee. Full-fat malted drinks, drink- 
ing chocolate. Cream soups. 


Chocolate spreads, mincemeat contain- 
ing suet. Toffees, fudge, butterscotch, 
chocolate, coconut bars. 


Ordinary salad cream, mayonnaise, 
cream or cream cheese dressings. 


(1) ‘Advisable' focds are generally low in fat and/or high in fibre. These should be used regularly as part of the diet. (2) Foods listed under ‘in moderation’ contain polyunsaturated fats 
or smaller quantitiesof saturated fats. As diet should be low in fat, these foods are allowed only in moderatian. For example: (a) red meat not more than 3 times week‘; (b) medium fat 
cheeses and meat aad fish pastes once a week; (c) homemade cake, biscuits and pastries made with suitable polyunsaturated margarine or oil twice a week; and (d) chips or roast 
potatoes cooked in saitable oil once a fortnight. (3) Foods ‘not aavised' contain large proportions of saturated fats and, therefore, should be avoided wherever possible. 


apo B levels. Further studies are needed to estab- 
lish whether ish oils have a role in the treatment of 
diabetic hyp2rtriglyceridemia. In the meanwhile, 
there is no reason to curtail the consumption of fish 
in these patients.’ . 

In patients with hypertriglyceridemia of a mod- 
est degree, the substitution of polyunsaturated 
fatty acids wah monounsaturated fatty acids (olive 
oil) is recommended. Olive oil is considered an 


adequate dietary fat supplement in hyperlipidemic 
patients since it allows a reduction in the diet’s 
proportion of daily carbohydrates.” 

Dietary carbohydrates, in large amounts, stimu- 
late the synthesis of triglycerides in the liver and 
promote the secretion of triglyceride-rich VLDL. 
In normal subjects, the rise in triglycerides is 
relatively small, but in patients who already have 
hypertriglyceridemia, the rise in serum triglycer- 
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ides can be marked.*” There is a disagreement in 
the literature on whether tais rise is transient or 
long lasting. Several clinical trials suggest that it 
may be transient,” but epidemiologic studies indi- 
cate that triglyceride levels in populations consum- 
ing large amounts of carbohydrate tend to be 
higher than in populations on low-carbohydrate, 
high-fat diets. Therefore, the most desirable diet 
for hypertriglyceridemic patients has not been 
determined. The generally recommended diet for 
such patients is a diet containing 30% of calories as 
fat. The diet preferably sEould contain complex 
carbohydrates rich in und:gestible fiber (pectin, 
cellulose, etc.) present in la-ge amounts in alimen- 
tary vegetables (Table V). This will reduce caloric 
intake and thus will help to lower triglyceride 
levels. Alternatively, if hypertriglyceridemic pa- 
tients are not obese, the diet can be somewhat 
richer in unsaturated fatty acids; in a higher fat 
diet, saturated fatty acids stould be restricted. 
Alcohol stimulates the jormation of triglycer- 
ides in the liver and raises the triglyceride content 
of VLDL. In patients with defective clearance of 
plasma triglycerides, alcohol induces a marked 
hypertriglyceridemic response. The effects of alco- 
hol to stimulate the secretion of VLDL-triglycer- 
ides are more pronounced in obese subjects than in 
lean; thus, obese subjects are more likely to de- 
velop hypertriglyceridemia Dn high intakes of alco- 
hol. Therefore, alcohol should be reduced (to <25 


g/day) or discouraged in hypertriglyceridemic pa- 
tients.° 


CONCLUSION 

Dietary therapy is the cornerstone of any treat- 
ment regimen for hypertriglyceridemia. Caloric, 
total fat, saturated fat, and alcohol consumption 
should be closely monitored. In general, a diet 
containing 30% of calories as fat and 50-60% as 
carbohydrate, including complex carbohydrates rich 
in fiber, is desirable for the control of hypertriglyc- 
eridemia. Also, saturated fats should be replaced 
with monounsaturated and polyunsaturated fats, 
the latter two having been shown to reduce hyper- 
triglyceridemia. 
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C. OTHER NONPHARMACOLOGIC APPROACHES 


T. Miettinen, mb, and M. Mancini, mp (Reviewer) 


pharnaacologic (and nondietary) approaches 

are used to normalize elevated serum triglyc- 
eride levels. Since the metabolism of triglyceride- 
rich lipopro‘eins is associated with lipoprotein 
lipase activity and the subsequent formation of 
high-density lipoproteins (HDL), some aspects of 
these variables are also reviewed in this chapter.’ 

Physical activity, weight reduction, and control 
of smoking aze the most important nonpharmaco- 
logic ways to reduce cardiovascular disease (CVD) 
by normalizing triglyceridemia and HDL levels.” 
Partial ileal bypass, porta-caval shunt operations, 
or low-densi:y lipoprotein (LDL) apheresis, al- 
though effective in lowering LDL, are less suitable 
for the treatment of pure hypertriglyceridemia. 

Plasma triglyceride levels are lower in endur- 
ance-trained individuals than in sedentary individ- 
uals. Physical exercise lowers serum triglyceride 
levels both after acute exercise and prolonged 
training. At the same time, exercise increases the 
activity of lipoprotein lipase, raises the level of 
HDL (especially of antiatherogenic HDL,) and 
reduces the ectivity of hepatic lipase. These reac- 
tions reflect zhe well-known negative association 
between trig-yceride-rich lipoprotein and HDL 
levels. In fact, the removal of exogenous triglycer- 
ides from plasma is also increased after prolonged 
exercise. 

Experimertal studies have also shown that li- 
poprotein lipase activity of the trained knee exten- 
sor muscle is higher than that of the nontrained 
muscle.’ The latter muscle also removes less very- 
low-density linoprotein (VLDL) triglyceride. The 
favorable effect of training or physical activity on 
triglycerides nay not depend solely on the en- 
hanced utilization of fatty acids by the trained 
muscle for energy production from VLDL triglycer- 
ides. It may also stem from reduced hepatic VLDL 
synthesis.” In prospective studies, mild-to-moder- 
ate, long-term physical activity has been shown to 
lower effectively serum triglycerides in initially 


T» chapter highlights studies in which non- 


inactive men.° All these findings indicate the bene- 
ficial effects of physical training on triglyceride-rich 
lipoproteins and HDL metabolism. 

In obese, hypertriglyceridemic subjects, body- 
weight reduction is a primary goal.” As the body 
weight drops, so do VLDL and triglyceride levels, 
while HDL levels rise. At the same time, the 
triglyceride content of LDL and HDL decreases. 
During acute weight reduction, VLDL synthesis 
and lipoprotein lipase activities are decreased, 
VLDL removal is enhanced, and HDL levels may 
increase. During weight stabilization at a lower 
level, the kinetic parameters of VLDL appear to 
remain improved, while lipoprotein lipase activity 
in adipocytes may stay elevated and HDL levels are 
normalized.” ” 

A recent comparison of weight reduction by diet 
and exercise showed that both measures signifi- 
cantly reduce serum triglyceride levels, while in- 
creasing HDL levels. These changes may be 
detectable to a greater degree in hypertriglyceri- 
demic subjects with abdominal obesity.’*” Since 
weight reduction alone may not be successful in all 
overweight hypertriglyceridemic subjects, a combi- 
nation of dietary arrangements with enhanced 
physical activity is recommended. 

Smoking greatly enhances the risk of coronary 
heart disease (CHD) in patients with other coro- 
nary risk factors. Indeed, epidemiologic studies 
have shown that compared with mean normal 
values, smokers have significantly higher serum 
concentrations of cholesterol (3.0%), triglycerides 
(9.1%), VLDL (10.4%), and LDL (1.7%), and 
lower levels of HDL (—5.7%) and apolipoprotein 
A-I (—4.2%).° Smokers also have a greater degree 
of catecholamine-induced lipolysis and enhanced 
adipose tissue lipoprotein lipase activity. Smoking 
cessation reverses these trends but also stimulates 
the appetite. Most smokers who quit experience a 
temporary weight gain. This increase in body weight 
may be related to adipose tissue lipoprotein lipase 
activity, which may temporarily increase after smok- 
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ing cessation." Weight gzin, if not controlled 
carefully, can markedly impair the lipoprotein 
profile, especially in hypertrizlyceridemic subjects. 


CONCLUSION 

Several nonpharmacologic measures can be im- 
plemented, with dietary therapy, to treat hypertrig- 
lyceridemia. These include regular physical activ- 
ity, weight reduction, and smoking cessation. 
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7. Management of Hypertriglyceridemic 
Patients 


D. PHARMACOLOGIC MANAGEMENT OF 
HYPERTRIGLYCERIDEMIC PATIENTS 


G. Franceschini, mp, and L. A. Carlson, mD (Reviewer) 


rug therapy in hypertriglyceridemia is jus- 
D tified only when the modifications of di- 

eta-y and lifestyle habits fail to correct the 
abnormalities in the lipid/lipoprotein pattern. Drugs 
may also be required to reduce the concomitantly 
elevated cholesterol levels in familial combined 
hyperlipidemia or dysbetalipoproteinemia. 

Clinical trials aimed at evaluating the effect of 
treatment on cardiovascular morbidity and mortal- 
ity in hype-triglyceridemic patients are lacking. 
However, subgroup analysis of data from the Hel- 
sinki Heart Study’ demonstrates that the reduction 
of coronary heart disease (CHD) incidence was 
largest in type IIb patients. Furthermore, in the 
Stockholm IHD Study, a secondary prevention 
trial, the combined use of clofibrate and nicotinic 
acid reduced the 5-year mortality by 26%. Two 
observations supported the beneficial effect of 
triglyceride lowering: (1) reduction of mortality 
only occurred in myocardial infarction survivors 
with a triglyceride level above 1.5 mmol/L, and (2) 
the reduction in mortality was greater the more the 
triglycerides were lowered.” It thus appears that 
drugs might be useful in an attempt to retard the 
progression of atherosclerosis in hypertriglyceri- 
demic patierts. 

Drug therapy for patients with severe hypertrig- 
lyceridemia nay also eliminate the risk of pancre- 
atitis. However, lipid-lowering drugs are of little 
value in subgects with familial lipoprotein lipase or 
apo C-II deficiencies. These subjects generally 
respond only to a low fat diet. 


FIBRATES 

The name “fibrates” includes a family of drugs 
derived from the parent compound clofibrate. All 
of the fibrates are characterized by an aryloxy 
group but w-th different substituents. Bezafibrate 
and fenofibrate have a Cl substituent at the para 
position on the aromatic ring; gemfibrozil has a 


2.5-xylyloxy group. 


In spite of their considerable chemical similari- 
ties, the various fibrates differ strikingly in then 
pharmacokinetic behavior. The elimination half- 
life in healthy volunteers ranges between 1.5 and z 
hours for gemfibrozil and bezafibrate to more than 
20 hours for clofibrate and fenofibrate. In the case 
of newer derivatives, the pharmacokinetic differ- 
ences dictate the dosage regimens: 250-300 mg/day 
for fenofibrate; 400-600 mg/day for bezafibrate: 
900-1,200 mg/day for gemfibrozil and 1,500-2,000 
mg/day for clofibrate. 

All the fibrates are highly effective in reducing 
plasma triglyceride and very-low-density lipopro- 
tein (VLDL) levels. In addition to triglyceride 
lowering, fibrate treatment corrects, although to a 
variable degree, many of the lipoprotein abnormal- 
ities associated with the hypertriglyceridemic state. 
In general, bezafibrate and fenofibrate are more 
effective in the treatment of primary hypercholeste- 
rolemia than are gemfibrozil or clofibrate.’ Accord- 
ingly, low-density lipoprotein (LDL) concentra- 
tions are reduced in patients with mixed 
hyperlipidemia to different degrees by the different 
fibrates, while LDL cholesterol can also increase in 
patients with severe primary hypertriglyceridemia 
and familial dysbetalipoproteinemia, when a mas- 
sive drop of the triglyceride level is achieved. 
However, the altered composition and structure of 
LDL is normalized, and their capacity to interact 
with the LDL receptor is fully restored.* Plasma 
high-density lipoprotein (HDL) levels markedly 
increase, the rise being generally confined to the 
HDL, subfraction, which is the preferred acceptor 
of cellular cholesterol. 

The mechanism by which fibrates exert their 
effect on plasma lipoproteins is most likely related 
to an increased catabolism of the triglyceride-rich 
lipoproteins.® A stimulation of lipoprotein lipase 
activity has been repeatedly demonstrated after 
treatment with the various compounds. The re- 
sponse of hepatic lipase is more variable. Whether 
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Primary Drugs For Treatment of Hypertriglyceridemia 


Fibric acid derivatives: 
¢ gemfibrozil 
e bezafibrate* 
« fenofibrate* 
e ciprofibrate* 
Nicotinic acid and d2rivatives 


*Not yet approved by the United States Food and Drug Administration 


the increase in lipoprotein lipase activity is due to a 
direct effect of fibrates on erzyme synthesis or to a 
better utilization of the lipoprotein substrate by the 
existing enzyme is unknown. 

Changes in plasma triglyceride and VLDL lev- 
els following fibrate treatmeat are generally corre- 
lated with the increase in lipoprotein lipase activ- 
ity, thus confirming the major effect of fibrates on 
VLDL catabolism. These compounds, however, 
can also be effective in decreasing VLDL triglycer- 
ide (but not VLDL apo B) production.® It thus 
appears that they are indicated as treatment of 
choice for patients with both types of primary 
hypertriglyceridemias: VLEL overproducers and 
VLDL hypocatabolizers. Fibrates are the drugs of 
choice for patients with dysb=talipoproteinemia. In 
these patients, the defect in VLDL catabolism is 
corrected in three ways: by the reduction and 
sometimes even disappearance of B-VLDL from 
plasma; by the regression of xanthomas; and by 
possible improvements in the vascular conditions. 
Fibrates can also be used in zhe treatment of mixed 
hyperlipidemia. In this syndrome, the association 
of fibrate with a pure cho.esterol-lowering drug 
may enhance the cholestero!l-lowering effect.’ 

Long-term studies with the various fibric acids 
generally reported an extremely low incidence of 
side effects. An increased risk for gallstone forma- 
tion has been detected in earlier large trials with 
clofibrate,® but not confirmed in the more recent 
Helsinki Heart Study’ witt a second-generation 
fibrate. Painful muscles were sometimes associated 
with increased creatinine phosphokinase values, 
while alterations of liver enzymes are generally 
transient and do not lead to clinically evident liver 
damage. In diabetics, glucose tolerance often im- 
proves independently from the hypolipidemic ef- 
fect. Furthermore, bezafitrate and fenofibrate 
lower elevated fibrinogen levels. 


NICOTINIC ACID AND DERIVATIVES 

Nicotinic acid is a powezful triglyceride-lower- 
ing drug.’ Unfortunately, duz to a variety of subjec- 
tive and objective side effects (flushing, itching in 
the face), it is seldom prescribed, particularly in 


warmer Climates. A treatment schedule minimizing 
side effects starts with low doses (0.25 g, 3-4 times 
daily) slowly increasing up to 4 g/day or more. The 
administration of a 0.5-g aspirin tablet half an hour 
prior to nicotinic acid has also been reported to 
increase compliance to treatment (aspirin may also 
raise blood levels of nicotinic acid). Patients with 
gastritis or peptic ulcer should be treated with 
particular care, due to a possible worsening of 
gastric symptoms. Nicotinic acid treatment may 
also raise uric acid levels (thus precipitating attacks 
of gout) and impair glucose tolerance. Several 
nicotinic acid analogues have been developed to 
improve drug tolerability (acipimox, nicotinyl alco- 
hol, etc.); these analogues also show significant 
hypotriglyceridemic activity. 

Nicotinic acid is a potent antilipolytic drug, 
decreasing lipid mobilization from adipose tissue.’ 
This effect is probably responsible for the reported 
inhibition of VLDL secretion by the liver, resulting 
in a decreased number of circulating VLDL and 
LDL particles. Consequently, nicotinic acid can be 
expected to lower triglyceride levels most effec- 
tively in patients with VLDL overproduction. Simi- 
larly to other triglyceride-lowering agents, the com- 
position and receptor affinity of LDL is also 
normalized by nicotinic acid derivatives in hypertrig- 
lyceridemic patients.” Moreover, the drug and its 
derivatives increase plasma HDL levels, possibly 
through an inhibition of hepatic lipase. These 
changes in the lipid/lipoprotein pattern have been 
recently associated with a significant reduction of 
mortality from all causes in a 15-year follow-up of 
the Coronary Drug Project patients.’ Further- 
more, when associated with an anion exchange 
resin, nicotinic acid treatment led to a significant 
regression of atherosclerosis in coronary bypass 
patients.” 

Nicotinic acid and its analogues are recom- 
mended for patients with mixed hyperlipidemia, in 
whom the drug reduces both cholesterol and triglyc- 
eride levels. Patients with primary hypertriglyceri- 
demia due to VLDL overproduction should also 
benefit from this treatment. Nicotinic acid, like 
fibrates, is also highly effective in type V hyperli- 
poproteinemia, where triglyceride levels can be 
lowered from 1,700-4,000 mg/dL to about 400 
mg/dL, thereby abolishing the recurrent attacks of 
pancreatitis. 


OTHER HYPOTRIGLYCERIDEMIC DRUGS 

Other treatment options for hypertriglyceri- 
demic patients include the use of metformin and 
fish-oil supplementation (see Chapter 7B). Pure 
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hypocholesterolemic drugs such as anion exchange 
resins (which may often increase plasma triglycer- 
ide levels) should be avoided. Although HMG- 
CoA reductase inhibitors are mainly indicated to 
hypercholesterolemic patients, they also reduce 
triglycerides by 15-20% and appear to be effective 
in the treatment of mixed hyperlipidemia and 
diabetic hypertriglyceridemia,””* where they have 
been used alone or in combination with gemfi- 
brozil. This combination carries an increased risk 
of myositis. Also, direct inhibition of cholesterol 
synthesis by these agents may lead to secretion of 
VLDL depleted in cholesterol. 

Metform_n, an antidiabetic biguanide with hypo- 
triglyceridemic activity,” is particularly useful in 
the treatment of patients with diabetes or with a 
reduced carbohydrate tolerance. Metformin may 
also improve peripheral insulin activity and reduce 
plasma PAI-1 levels. 


CONCLUSION 

Subgroup analysis of several clinical trials, in- 
cluding the Helsinki Heart Study, have demon- 
strated that pharmacologic agents can successfully 
improve patients’ lipid profiles, including their 
triglyceride levels, and thus reduce their risk for 
CHD. Fibric acid derivatives and nicotinic acid are 
currently the drugs of choice when treating hyper- 
triglyceridemic patients. 
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Introduction 


James S. Forrester, MD 


his symposium aims to integrate basic and 
l clinical studies in th2 field of vascular biol- 
ogy. It progresses from the functions of the 
normal endothelial cell to the vascular response to 
injury, to the pathophysiolcgy and management of 
acute coronary syndromes Although we cannot 
claim to be comprehensive, we can claim to be au 
courant: the time from speakers’ presentations to 
publication is only about hadf a year. 

We begin with an overview of the new field of 
cardiovascular molecular biology by Robert Rob- 
erts. In decades to come, thz resolution of unstable 
angina and acute myocardial syndromes may lie in 
studies outlined by Roberts. It will be possible to 
design agents with desirable domains while elimi- 
nating specific domains not required for the pa- 
tient under care. This idea holds unlimited prom- 
ise, not only for cardiology. but for the entire field 
of clinical medicine. 

To begin our exploration of vascular biology, 
Elizabeth Nabel describes the normal and abnor- 
mal function of the endothelial cell. Nabel sees the 
endothelial cell as a regulatory organ with four 
functions: hemostasis, contractility, proliferation, 
and inflammation. The role of endothelial hemosta- 
sis in atherosclerotic lesions has long been recog- 
nized. Less well understocd is the part played by 
contractility, particularly as modulated by endothe- 
lium-derived relaxing factor (EDRF) and its effect 
on the reactivity of the vessel that has an intact 
surface versus one that hes not. EDRF is closely 
allied to nitrous oxide and nas an action analogous 
to that of nitroglycerin. Dther compounds that 
contribute to smooth muszle contractility are the 
vasodilator prostaglandin I, (prostacyclin) and the 
newly identified substance endothelin, a potent 
vasoconstrictor produced >y the endothelial cell. 
Nabel also describes the action of the endothelial 
cell in stimulating and suppressing cell prolifera- 
tion. The endothelium-der-ved growth factor fibro- 
blast growth factor (FGF) amplifies endothelial 


cell proliferation, whereas heparin, the most po- 
tent natural inhibitor of smooth muscle cell prolif- 
eration, is also abundantly secreted by the endothe- 
lial cell. 

James Chesebro discusses the rheology of shear 
stress. Platelet aggregation occurs at sites of high 
shear stress, whereas fibrin is deposited at sites of 
low shear stress. The presence of thrombin induces 
the secretion of the vasoconstrictor erdothelin, 
providing the rheostatic mechanism that is crucial 
to the pathogenesis of acute coronary syndromes, 
particularly unstable angina. Chesebro’s descrip- 
tion of the recently synthesized antithrombin agent 
hirudin gives a tantalizing glimpse of the likely 
direction of future studies in thrombolytic therapy. 
In contrast to heparin, hirudin leaves no residual 
thrombus in animal models. No clinical studies 
have yet been published, however, and further 
investigations will be required to determine safety, 
dosage, and other aspects of therapy. 

The pathogenesis of unstable angina has both a 
physical and a biochemical support. The atheroscle- 
rotic lesion is formed when lipid entering the vessel 
wall is ingested by mesenchymal cells, which be- 
come activated to produce growth factors such as 
platelet-derived growth factor (PDGF) and insulin- 
like growth factor type 1 (IGF-1)—both potent 
stimuli to smooth muscle cell proliferation—and 
transforming growth factor-B (TGF-B), a stimulus 
to extracellular production. Whereas tke process 
of atheroma breakdown appears to be driven by 
cytokines, such as tumor necrosis factor and inter- 
leukin-1, which cause neovascularization and ero- 
sion of the fibrous cap, rupture itself probably 
occurs through physical disruption, often at the 
junction of normal and abnormal segments. 

These observations suggest that 3 aspects of 
therapy ought to be considered: inhibition of plate- 
let aggregation, inhibition of thrombus formation, 
and vasodilation. Properly implemented, this ther- 
apy should achieve the 3 clinical goals in the 
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management of unstable angina: (1) decreasing the 
risk of myocardial infarction, (2) preventing subse- 
quent development or recurrence of angina, and 
(3) attenuating risk factors. David Waters and 
colleagues heve found in broad-scale studies that 
heparin and espirin both effectively inhibit platelet 
aggregation. _t is not clear that the two agents given 
in combinaticn are more effective than either given 
alone, although data from Sweden indicate that 
this may be the case. 

Two authors provide a European perspective. 
Semi Sen describes treatment of acute myocardial 
infarction in Germany. Serge Degré presents an 
important comparison of nitroglycerin versus the 
calcium antagonist diltiazem in which, after 48 
hours of treatment, 100% of nitroglycerin-treated 
patients compared with only 11% of diltiazem- 
treated patients still had ST-segment depression 
and silent ischemia. This striking difference may 
have been derived in part from diltiazem’s benefi- 
cial effect on neart rate, and in part from tolerance 
to nitroglycerin. 

Thomas Heywood describes the biphasic re- 
ponse of cacium antagonists in terms of left 
ventricular function. Allan Ross discusses balloon 
angioplasty, which, in some centers, has become 
the treatment of choice in unstable angina, despite 


a relatively high rate of complications. The rate of 
restenosis (57% at 6 months postangioplasty) sug- 
gests that much is to be gained from refinement of 
pharmacologic approaches. Robert Feldman de- 
scribes current modes of ancillary therapy for 
unstable angina. 

Neal Kleiman and Prediman K. Shah review 
unresolved issues in thrombolytic therapy, noting 
that the GISSI trial has permanently modified 
practitioners’ views of treatment for acute myocar- 
dial infarction. Kleiman notes that the timing of 
thrombolytic therapy is crucial to outcome; Shah 
presents a persuasive viewpoint on aspects of late 
reperfusion. 

In summary, we describe an imaginative under- 
standing of the pathogenesis of unstable angina at 
the level of the cytokines and growth factors 
expressed by macrophages and other mesenchymal 
cells. This understanding has extended to the 
pathophysiology of unstable angina, as expressed 
through the interaction between blood elements, 
the vessel wall, and vasoactive substances. This 
basic science provides a strong foundation for 
clinical intervention, and for the prospect of impor- 
tant advances in the management of unstable 
angina in the decade ahead. 
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Molecular Biology and Its Impact for the Future 


Robert Roberts, MD 


ver the past few decades, physicians have 

watched cardiovascular disease therapy 

move from largely smpiric to more sophis- 
ticated treatments based on physiologic principles 
and, more recently, molecular biology. Cardiology 
has been slower than other disciplines to move into 
the arena. Aspects of molecular genetics are nearly 
4 decades old, dating from zhe 1940s, including the 
classic experiments of Watson and Crick on the 
structure and function of deoxyribonucleic acid 
(DNA). In much the same manner as cardiology 
demystified hemodynamics in the 1960s and 1970s 
and incorporated its princidles into everyday prac- 
tice, the near future will see the use of the 
molecular biologic techniques that are fundamen- 
tal to all disciplines of med:cine and industry. 


MOLECULAR BIOLOGY: THE VERY BASICS 

The terminology of molecular cardiology will 
probably become familiar to both academicians 
and practitioners within a ew years. Research has 
increased our understancing of cardiac muscle 
disease; regulation of intracellular ions; myocar- 
dial injury; cardiac growth and regulation of gene 
expression; endocrine functions of the heart; blood 
vessel-endothelium intera=tion; and regulation of 
vascular tone, atherosclerosis, and thrombolysis.’ 
The study begins with an understanding of DNA, a 
huge molecule composed of monotonously repeat- 
ing combinations of 4 bese pairs. Although the 
problem can be simply stated, the task is formida- 
ble, since the amount of DNA in a single cell 
carries enough genetic information to fill a book of 
1 million pages. Put another way, if all the DNA 
molecules in one person were placed end-to-end, 
the resulting chain would reach from Earth to the 
moon 8,000 times. One cell contains 3 billion base 
pairs, enough to code for 10 million genes. DNA is 
“selfish,” since less than 1% appears to participate 
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in protein generation; the human genome has 
between 20,000 and 50,000 genes. 

The ability to unravel the enormous maze of 
DNA came in the 1970s with several Nobel Prize- 
winning contributions. Early in the decade, it was 
shown that site-specific recognition and cleavage of 
DNA were possible by using specific restriction 
endonucleases that typically recognize 4-6 bases 
This permitted investigators to know precisely 
where a DNA molecule had been cut. Since then, 
more than 300 restriction enzymes have been 
identified. (“Restriction enzyme” refers to the 
discovery of enzymes in bacteria that restrict for- 
eign DNA from entering a bacterium’s genome by 
using the bacterial nuclease.) 

The next major advance was the discovery of 
reverse transcriptase. This enzyme allows genera- 
tion of complementary DNA from a messenger 
ribonucleic acid (mRNA) isolated from cell cyto- 
plasm. This is the reverse of the usual RNA 
generation sequence, in which DNA is transcribed 
into mRNA that is then transported to the cyto- 
plasm. In the presence of a ribosome, the mRNA is 
translated into protein. 

Next, DNA cloning techniques were developed 
to permit splicing a piece of DNA into a foreign 
genome with subsequent expression of its product. 
Thus, the cutting of DNA by means of a site- 
specific restriction endonuclease and splicing the 
selected portion into a foreign genome to produce 
a specific protein were the birth of cloning a 
recombinant molecule. 

Two principal methods are commonly employed 
for DNA analysis. In restriction fragment length 
polymorphism (RFLP) analysis, genomic DNA is 
digested by the bacterial restriction endonuclease, 
producing fragments that typically range from <1 
to >20 kilobases in size. These fragments are 
separated by agarose electrophoresis and trans- 
ferred to a support membrane. The fragments of 
DNA containing the genes to be studied are 
detected by hybridization with isolated and labeled 
segments of the cloned gene.’ A series of 1-6 bands 
can be used to characterize and fingerprint a 
haplotype.** In a modification of this method, a 
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synthetic oligcnucleotide of about 20 bases is used 
as the gene probe. For example, this oligonucle- 
otide can be synthesized to match a mutated 
fragment of a specific coding region.” 

Recently, investigators have used the technol- 
ogy of the polymerase chain reaction (PCR), which 
allows direct sequencing of the gene of interest. 
Theoretically, a “library” of complementary DNAs 
could be corstructed and screened with gene 
probes to isolate the clone containing the gene of 
interest, whict could then be sequenced. The PCR 
involves doubke priming of DNA (or mRNA) and 
synthesizing multiple copies of the region of the 
gene betweer primers. Work is conducted at 
temperatures higher than body temperature in 
order to accelerate the reactions. With this method, 
one can define protein molecules in quantities far 
smaller than 13 possible with alternative methods, 
such as 2-dimensional polyacrylamide gel electro- 
phoresis. Prot2ins present in small amounts (e.g., 
tissue plasminogen activators [t-PA]) are readily 
detected by th:s method. 


MONOCLONAL ANTIBODIES AND CARDIOLOGY 
The normal immune system responds to 
“foreign” substances in a variety of ways, including 
production of antibodies against multiple antigenic 
sites, or epitopes, on the offending molecule. The 
broad range cf antibodies produced reflects dif- 
ferent antigen c determinants on the foreign sub- 
stance. Classically, monoclonal antibodies are pro- 
duced by immunizing a mouse with an antigen. The 
spleen is harvested and plasma cells are isolated 
and “immortalized” by fusing them with a my- 
eloma cell line. This process yields a perpetually 
reproducing hybridoma, which clonally produces 
an antibody to one of the immunizing antigens.’ 
One problen with this procedure is that it may 
take up to 18 months to produce products suitable 
for human use Another problem is the production 
of human anti-mouse antibodies (HAMASs). Diag- 
nostic monoclonal antibodies (e.g., indium-111- 
labeled antimyosin to image necrotic myocardium) 
rarely present a problem, since the half-life is short 
and, typically, they are administered only once. 
However, therapeutic monoclonal antibodies (e.g., 
those used for oncology) may require multiple 
administrations, with longer in vivo half-lives. To 
solve this prob em, the antigen-binding portion, or 
F(ab) section, of the HAMA is spliced onto a 
human antibody. The resulting chimeric mono- 
clonal antibody appears to induce less HAMA 
production than the nonhumanized antibody. 


MOLECULAR BIOLOGY AND THE CLINICIAN 

What can be accomplished with the techniques 
just described? There are 4 broad areas of poten- 
tial importance: (1) it is now possible to perform in 
vivo structure—function analysis of a single mole- 
cule (or portion thereof) in the intact, living cell or 
organism; (2) the gene from a particular molecule 
can be put into a cell culture or into an intact 
organism to observe its behavior, and genetic 
engineering can produce mutations of the mole- 
cule; (3) diagnostic in situ hybridization can be 
used to localize DNA or RNA in a biopsy sample 
(to the cardiologist, this might mean rapid diagno- 
sis of a viral genome in an endomyocardial biopsy 
specimen); and (4) so-called “designer” biologicals 
can be generated, for example, mutated forms of 
recombinant t-PA (rt-PA) that have specific bio- 
logic advantages over the naturally occurring prod- 
uct. 

Potential applications in thrombolytic ther- 
apy: The thrombolytic agents in common use are 
plasminogen activators that convert the proenzyme 
plasminogen to the active but nonspecific protease, 
plasmin. This protease degrades fibrin in blood 
clots, but also degrades both fibrinogen and other 
clotting factors (most notably factors V and VIII). 
During the activation of the fibrinolytic system by 
plasminogen activators, the circulating inactivator 
of plasmin, o,-antiplasmin, is rapidly consumed 
and bleeding may ensue. 

The t-PA molecule is composed of 527 amino 
acids and includes 16 disulfide bonds. There are 3 
glycosylation sites and 5 discrete domains in this 
molecule. These are, in turn, encoded by 14 exons. 
More than 40 mutant t-PA forms are currently 
under investigation to improve the pharmacoki- 
netic profile of this agent. For example, one form 
being developed contains only the (subunit) krin- 
gle 2 and the catalytic site. It has a half-life of 60 
minutes, may be given as a single injection, and 
appears to be equivalent or superior in both 
potency and fibrin specificity. 

In general, several approaches to t-PA modifica- 
tion have been suggested.*° In the example just 
mentioned, deletion mutation of functional do- 
mains modifies drug clearance and fibrin speci- 
ficity. Higher fibrin specificity may be achieved by 
mutation of the plasmin cleavage site, which pre- 
vents conversion of 1-chain t-PA to 2-chain t-PA. 
Either glycosylation or active site acylation slows 
drug clearance. In the latter, this occurs in a 
manner analogous to that used for anistreplase 
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(anisoylated plasminogen-streptokinase activator 
complex [APSAC]). 

Newer attempts to “target” fibrinolysis have 
used a monoclonal antifibrin antibody. This agent 
binds fibrin, but not fibrinogen, with high affinity 
and may be linked chemically, immunologically, or 
by recombinant DNA methods to urokinase, rt- 
PA, or single-chain urokinase plasminogen activa- 
tor (scu-PA).’” Alternatively, urokinase may be 
linked to a monoclonal antibody specific for the 
platelet—fibrinogen receptor complex (glycoprotein 
IIb/IIIa), yielding enhanced potency with platelet 
antiaggregant activity. 

Other approaches use monoclonal antibodies 
with specificity for both fibrin and one of the 
plasminogen activators in order to concentrate the 
fibrin at the site of the plasminogen activator. The 
development of chimeric molecules has expanded 
the field. For example, one such molecule was 
developed to combine the fibrin affinity of the t-PA 
with an antibody to macroglobin. However, agents 
obtained by such exon shuffling have generally 
been inferior to the parent molecules, possibly 
because of differences in tertiary structure (protein 
folding) in comparison to the native molecule. 


THE FUTURE: GENETIC ENGINEERING AND 
HEART FAILURE 

A structure—function analysis of cardiac muscle 
is paramount in properly understanding heart fail- 
ure. For example, cardiac physiologists have known 
for decades that cardiac work load is altered by 
end-diastolic fiber length (Starling’s law). On the 
cellular level, work may be regulated by biochemi- 
cal changes, the concept of excitation—contraction 
coupling. Now, this issue can be approached on the 
molecular level because of confirming evidence 
that altered gene expression plays a role in the 
regulation of cardiac function and hypertrophy.’ In 
the setting of heart failure, major shifts occur in 
expressed forms of contractile proteins, sodium- 
potassium adenosine triphosphatase (Na*,K*- 
ATPase) and other proteins." Proto-oncogenes 
appear to have a role in myocyte proliferation and 
terminal differentiation and in the regulation of 
the response to cellular death (as occurs in myocar- 
dial infarction). 


An example is the isolation of the gene for atrial 
natriuretic factor. A transgenic mouse may be 
transfected with atrial natriuretic factor-promoter 
region DNA that has been linked to an oncogene. 
The result is massive right atrial hypertrophy and 
supraventricular arrhythmias.” 

At present, cardiac therapeutic interventions 
based on the principles described above are still in 
the distant future. Study has been hampered by the 
myocyte resistance to mutation, lack of ceil lines in 
vitro, insufficient neoplasms to study, and difficulty 
in obtaining adequate tissue serially. Nonetheless, 
the possibility of specific cardiac gene therapy or 
the induction of cardiac myocyte replication is now 
within reach. 

Indeed, today more than 80 drugs are produced 
by genetic engineering, with a major increase 
predicted over the next decade. The future holds 
great promise for molecular genetics and molecu- 
lar cardiology, with major diagnostic and therapeu- 
tic advances just around the corner. 
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Biology of the Impaired Endothelium 


Elizabeth G. Nabel, mp 


The endothedium is a regulatory organ that medi- 


ates hemostasis, contractility, cellular prolifera- 
tion, and inflammatory mechanisms in the vessel 
wall. injury to the endothelium from hyperten- 
sion, smoking, hyperlipidemia, and diabetes mel- 
litus disrupts normal regulatory properties and 
results in abrormal endothelial cell function. Clin- 
ically, endothelial cell dysfunction can be mani- 
fested as vasospasm, thrombus formation, ath- 
erosclerosis. or restenosis. The normal 
hemostatic properties of the endothelium include 
the maintenance of a nonadhesive luminal sur- 
face, antithrombotic properties, anticoagulant 
properties, and fibrinolytic properties. The endo- 
thelial cell regulates smooth muscle cell contrac- 
tility by the production of relaxing and constrict- 
ing factors in response to physiologic stimuli. 
Endothelial cell injury is also an initial event in 
the development of atherosclcrosis and resteno- 
sis by facilitcting platelet adhesion and aggrega- 
tion and by signaling the release of mitogens 
from platelets, macrophages, and endothelial 
cells, which stimulate smooth muscle cell prolif- 
eration. In addition, endothelial cells undergo 
morphologic and functional alterations in re- 
sponse to cytokine signals, which may contribute 
to the pathogenesis of vasculitis and atheroscle- 
rosis. In sum, the normal endothelium performs 
many regulatory functions which become altered 
when the endothelium is injured. 

(Am J Cardiol 1991;68:6C—8C) 
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r l The normal endothelium maintains a nonad- 
hesive luminal surface and has fibrinolytic, 
anticoagulant, and antithrombotic proper- 

ties [1,2]. A normal endothelial surface prevents 

the attachment of platelets. Platelet aggregation 
and adhesion are also normally inhibited by endo- 
thelial cell synthesis of prostacyclin (prostaglandin 

L) and endothelium-derived relaxing factor 

(EDRF) [3,4]. Antithrombotic and fibrinolytic prop- 

erties of the endothelium are regulated by basal 

synthesis of tissue-type plasminogen activator 

(t-PA), which stimulates lysis of fibrin clots. Anti- 

thrombotic properties in the vessel wall are regu- 

lated through synthesis of antithrombin III, which 
binds to and inactivates thrombin, factor X, and 
other serine proteases [5]. Anticoagulant proper- 
ties in the vessel wall are regulated by several 
pathways. The principal anticoagulant action of 
the endothelium is mediated through protein C 
and protein S$ [6]. The binding of thrombin to 
thrombomodulin serves to activate protein C; the 
latter, in turn, blocks factors Va and VIa. Anti- 
thrombin III inactivates thrombin and factor Xa, as 
well as endothelial cell serine proteases. The throm- 
bin-thrombomodulin complex inactivates the pro- 
coagulant properties of thrombin, such as platelet 
activation. In addition, endothelial cell production 
of heparin-like glycosaminoglycans catalyzes the 
inactivation of coagulation proteases such as throm- 
bin and factor X [7]. 


HEMOSTASIS 

Normal hemostasis is disrupted when the vessel 
is injured. Subendothelial (collagen matrix) base- 
ment membrane is exposed. von Willebrand’s fac- 
tor is activated by thrombin to facilitate platelet 
adhesion and aggregation. Platelet-activating fac- 
tor also contributes to primary hemostasis. Endog- 
enous thrombolysis (t-PA) is inhibited by plasmino- 
gen activator inhibitor. Endothelial cell disruption 
also exposes tissue factor VII, which activates the 
extrinsic coagulation pathway, as well as factor XII, 
which stimulates the intrinsic coagulation pathway. 
Endothelial cell serine proteases also facilitate 
thrombus formation. 

Endothelial cell injury stimulates primary hemo- 
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Stasis by several mechanisms. Platelet adhesion 
occurs when platelets bind to the subendothelium 
via the platelet collagen rezeptor glycoprotein [A 
and to basement membrare by interactions with 
von Willebrand’s factor ard the glycoprotein IB 
receptor. Platelet aggregation follows when plate- 
lets bind to other platelets via the platelet glycopro- 
tein receptor IIB IIIA. Platelet degranulation re- 
sults in the release of vascactive proteins from a 
granules, such as adenosire diphosphate (ADP), 
serotonin, thromboxane A., thrombin, and hista- 
mine, which further promote platelet aggregation, 
vasoconstriction, leukocyte chemostasis, and forma- 
tion of a hemostatic plug. 


CONTRACTILITY 

The healthy endotheliuna regulates vascular con- 
tractility and promotes vescular relaxation. The 
endothelium contains receptors for various pharma- 
cologic stimuli, including thrombin, vasopressin, 
acetylcholine, and platelet granulation products 
[8]. Receptor binding stimulates endothelial cell 
synthesis and release of EDRF, which acts locally 
on smooth muscle cells to stimulate production of 
cyclic guanosine monophcsphate (CGMP) which, 
in turn, mediates relaxation [9]. Although more 
investigation is needed, tnere is convincing evi- 
dence that EDRF encompasses a group of sub- 
stances, one of which is probably nitrous oxide 
[9,10]. Other non-receptor-mediated stimuli, such 
as shear stress and calcium ionophore, also initiate 
EDRF release [11]. Encothelial cells promote 
smooth muscle cell relaxation through the local 
production of prostacyclin which causes an in- 
crease in cyclic adenosine monophosphate (cAMP), 
resulting in vasodilation. 

These vasodilator mecshanisms are counter- 
balanced by vasoconstrictor substances produced 
by the endothelium. For example, endothelin is a 
potent vasoconstrictor produced by the endothelial 
cells in response to hypoxia and other stimuli [12]. 
The exact physiologic role of endothelin in normal 
and atherosclerotic conditions is now under evalu- 
ation. 

A complex series of events occurs when the 
endothelium is injured. Since receptor-mediated 
stimulation of EDRF is disrupted, physiologic and 
pharmacologic stimuli produce a direct effect on 
smooth muscle cells, resu_ting in vasoconstriction. 
For example, vasoconstriction is routinely ob- 
served following coronary angioplasty [13]. Vaso- 
spasm surrounding an atherosclerotic plaque may 
occur due to deficient zelease of EDRF, and 


probably accounts for some angina experienced by 
patients with coronary artery disease. 


CELLULAR PROLIFERATION 

Injury to the endothelium may initiate the 
development of atherosclerosis [14]. Circulating 
monocytes adhere to the injured vessel surface and 
migrate into the intima, take up extracellular lipid 
as macrophages, and develop into foam cells. 
Growth factors, released by platelets, endothelial 
cells, and macrophages, promote smooth muscle 
cell migration into the intima and proliferation. 
Macrophages and proliferating smooth muscle cells 
engage in collagen matrix synthesis. Abnormal 
cellular proliferation, in combination with calcium 
deposition and thrombus formation, results in the 
development of an atherosclerotic plaque. Balloon 
injury following angioplasty initiates a similar pro- 
cess of pathologic cellular proliferation, which 
becomes manifest over several months as resteno- 
sis [15]. Release of mitogens by activated endothe- 
lium, platelets, and mononuclear cells may be 
associated with a change in medial smooth muscle 
cells. The smooth muscle cell is normally refractory 
to growth factors and does not synthesize collagen 
matrix. When the blood vessel is injured, the 
smooth muscle cell may undergo a ‘phenotypic’ 
change to a synthetic cell where it becomes noncon- 
tractile, responsive to growth factors, and capable 
of connective tissue synthesis [16]. 


IMMUNITY AND INFLAMMATION 

The endothelium is responsive to a number of 
cytokines, including the interferons (a, B, and A), 
tumor necrosis factor-a, interleukin-1, and interleu- 
kin-6 [17]. These products of the immune system 
can induce changes in endothelial cell structure 
and function by a process termed endothelial 
activation. Endothelial cells become activated by 
the binding of leukocytes, monocytes, and lympho- 
cytes to the endothelium by adhesion molecules. 
For example, interleukin-1 can induce the synthe- 
sis of endothelial leukocyte adhesion molecule-1 
(ELAM-1), which stimulates neutrophil adhesion 
to endothelial cells [18]. Interferon-\ stimulates 
intracellular adhesion molecule 1 (ICAM-1) expres- 
sion, which in turn promotes lymphocyte attach- 
ment and a local immune response. The adhesion 
of mononuclear cells to endothelial cells by adhe- 
sion molecules is a process that is central to 
vascular inflammation and a response to immune 
injury [19,20]. These mechanisms may also be 
responsible, in part, for the accelerated atheroscle- 
rosis observed in cardiac transplant arteries. 
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In conclus on, the endothelium is a highly active 
and reactive tissue that regulates hemostasis, vascu- 
lar contractil ty, cellular proliferation, and immu- 
nity and inflammation. As our understanding of 
the endotheliim expands, new therapeutic modali- 
ties are likely to emerge, based on recombinant 
DNA technology [21,22]. 
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Therapeutic strategies and clinical trials in unsta- 


ble angina should be based on the pathogenesis, 
risk, and mechanisms of thrombosis. The mecha- 
nisms of thrombosis and the differences in the 
effects of anticoagulant, antithrombotic, antifi- 
brin, and antiplatelet drugs must be taken into 
account when determining the dosage and dura- 
tion of therapy. Ignoring these principles may 
prevent identification of new therapy, increase 
the cost of new drug development and research, 
increase the cost of new drugs, and increase the 
cost of medical care. 
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echanisms of thrombosis involve plaque 
M Enton mural thrombosis due to lo- 

cal substrates, systemic factors, rheology 
of blood flow, vasoconstriction associated with 
arterial injury, and the accumulation of an addi- 
tional, very thrombogenic local substrate, mural 
thrombus. Mechanisms of the acute coronary syn- 
dromes and coronary disease progression have 
recently been reviewed.’ 


PLAQUE DISRUPTION 

The acute coronary syndromes of unstable an- 
gina, acute myocardial infarction, and sudden car- 
diac death have a common underlying pathology of 
plaque disruption in approximately three fourths 
of cases. Endothelial denudation with an associ- 
ated stenosis and platelet aggregate may be present 
in the remaining one fourth.” Plaques that are 
prone to rupture contain a pool of extracellular 
cholesterol within an area of fibrous thickening. 
Fissuring may result from circumferential tensile 
stress on the thinned cap of fibrous tissue covering 
the soft lipid core, weakening of the cap by an 
infiltrate of macrophages (initially attracted by 
lipids and thus often containing lipids), and exter- 
nal shear forces within the arterial lumen.*” Fissur- 
ing occurs most often at the margin of the fibrous 
cap where a thick layer of collagen has dissolved 
into a delicate latticework that 1s prone to disrup- 
tion. After disruption, flowing blood contacts local 
substrates in the arterial wall within the fissure, 
which anchors the growing thrombus. Some thrombi 
are small and remain localized within the fissure 
without extending into the lumen; these may result 
not in clinical symptoms but merely in an increase 
in the bulk and size of a plaque with asymptomatic 
progression of disease. Others extend into the 
lumen, continue to grow in size, and may reduce 
blood flow, causing symptoms of ischemia or 
progress to total occlusion, often with the develop- 
ment of acute myocardial infarction.“ In patients 
who have died from the acute coronary syndrome, 
the thrombus at the site of the ruptured plaque 
most often is layered due to evolution at different 
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times. This suggests a potential for preventing 
myocardial irfarction and death and reducing the 
need for coronary revascularization if patients with 
unstable angina can be treated early with antithrom- 
botic therapy which totally blocks growth of mural 
thrombus. Ccmplete inhibition of thrombosis may 
also allow endogenous thrombolysis to dissolve the 
mural thromtus and markedly reduce the obstruc- 
tion to blood flow. As will be discussed, the 
obstruction to blood flow is often very minor 
( <50% stenosis) prior to plaque disruption. 

Atherosclerotic arteries often have a variety of 
vascular injuries, including type I injury (nondenud- 
ing dysfuncticnal endothelium), which appears to 
produce lesser amounts of endothelium-derived 
relaxing factors (EDRF). Thus these arteries are 
prone to focal vasoconstriction or spasm. Focal 
areas of atherosclerotic arteries may also contain 
type II injury denuding endothelial injury without 
medial damag=), which may attract a single layer of 
platelets or, intermittently, an aggregate of plate- 
lets, especially when associated with a focal steno- 
sis. Fissuring of a plaque is an example of type III 
or deep injury (endothelial denudation plus injury 
into the media or deep into the plaque), which 
leads to acute platelet deposition within seconds 
and possible progression to acute occlusion within 
minutes.*° 


MURAL THROMBOSIS 

Three majoz factors contribute to arterial throm- 
bosis: (1) locel arterial substrates, (2) systemic 
factors, and (3) the rheology of blood fiow. 

Local arterial substrates: Local substrates 
within the arterial wall vary with the depth of 
injury. The sutendothelium contains less thrombo- 
genic types of collagen (types IV and V) whereas 
medial tissue >r plaque contains more thrombo- 
genic collagens (types I and III). Tissue throm- 
boplastin initiztes thrombosis and is especially rich 
within the adventitia of even normal arteries and is 
found within the fibrous cap of the plaque and 
variably within the arterial media." The in vivo 
role of tissue factor has been demonstrated by the 
use of antibodies to tissue factor in enhancing 
arterial patency of the inverted (inside-out) femo- 
ral artery in ratbits. Endothelium protects against 
thrombosis in part by the production of prostacy- 
clin and EDRF. Both of these substances have 
potent antiplatelet properties. Prostacyclin is also 
synthesized by arterial structures adjacent to the 
lumen, Thus, arterial injury compromises these 
natural antithrombotic protective mechanisms." 


Lipids within the arterial wall, especially the oxida- 
tive products, also stimulate coagulation. 

Another major factor that induces thromboge- 
nicity of the arterial wall is the binding of active 
thrombin to arterial wall matrix; this matrix-bound 
thrombin activates platelets, converts fibrinogen to 
fibrin, may activate additional thrombin genera- 
tion, and is relatively protected from inhibition by 
heparin.* 

Specific receptor inhibitors to substances that 
activate platelets have shown the important in vivo 
role of thrombin in arterial thrombosis. Inhibition 
of thromboxane A,, serotonin, or both did not 
significantly reduce '"In-labeled platelet deposi- 
tion or mural thrombosis after deep arterial injury 
by balloon dilatation in the pig. However, these 
receptor inhibitors did reduce acute vasoconstric- 
tion.” Subsequently, we found a dose-dependent 
inverse correlation of heparin dosage and plasma 
levels with quantitative ‘"In-platelet deposition 
and '”I-fibrinogen deposition and the incidence of 
mural thrombosis after deep arterial injury by 
balloon angioplasty in a prospective study of 6 
different heparin dosages in the pig.” The use of 
low molecular weight heparin at 4 different dos- 
ages showed that the antithrombin was more impor- 
tant than the anti-Xa effect of heparin.” 

Specific antithrombin therapy with hirudin inhib- 
its platelet aggregation to thrombin but not to 
thromboxane A,, adenosine diphosphate, seroto- 
nin, or collagen. Hirudin in a dosage that prolongs 
the activated partial thromboplastin time (APTT) 
to 2-3 times control totally eliminates mural throm- 
bus and reduces platelet deposition to a single 
layer or less after deep arterial injury.” This 
documents the critical and primary role of throm- 
bin in the mechanisms of arterial thrombosis. A 
slightly lower dosage of hirudin that prolongs the 
APTT to 1.7 times control prolongs the bleeding 
time to a similar degree as heparin, prolongs the 
thrombin time to greater than 6 times control, and 
reduces ™I-fibrinogen deposition, but does not 
significantly reduce mural thrombosis or quantita- 
tive '"In-platelet deposition. Thus the anticoagu- 
lant, antifibrin, antiplatelet, and thus antithrom- 
botic effects occur at different dosages, which 
makes appropriate dosing critically important for 
therapeutic effect. 

Five times the level of thrombin inhibition is 
required to inhibit platelet thrombi in pulmonary 
arteries compared with fibrin thrombi during dis- 
seminated intravascular coagulation without arte- 
rial injury.” Approximately 10 times greater throm- 
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bin inhibition is required to block thrombosis 
totally after deep arterial injury, compared with 
thrombosis after mild injury in association with a 
high-grade stenosis or during venous stasis.” ” 
Thus, larger amounts of thrombin are associated 
with deep arterial injury and require greater levels 
of thrombin inhibition to prevent arterial thrombo- 
sis. The greater blood levels of hirudin required to 
prevent arterial thrombosis totally after deep in- 
jury are compatible with the increased thrombin 
content of this pathologic state. We have recently 
demonstrated this with positive immunohistochem- 
ical staining for thrombin in mural thrombus over- 
lying arterial segments with deep (type ITI) but not 
mild (type II) arterial injury. 

Thrombin generation is greatly accelerated by 
an activator complex (prothrombinase complex), 
which is formed by the assembly of activated 
factors Va and Xa bound with calcium to a lipid 
membrane such as the platelet or other cellular 
membranes. Thrombin generation is increased 
278,000 times by this activator complex.” Throm- 
bin activation of factor V to Va enhances throm- 
bin’s own generation via the prothrombinase com- 
plex. Thrombin also activates factor XIII to XIIa 
for cross-linking of fibrin and stabilization of throm- 
bus following conversion of fibrinogen to fibrin. 

Systemic factors: In addition to arterial wall 
substrates, systemic factors may also increase arte- 
rial thrombosis. Epinephrine infusion may en- 
hance platelet deposition 3-fold.” Cholesterol feed- 
ing has also enhanced quantitative platelet 
deposition even after mild injury.” Lipoprotein(a) 
is homologous with the structure of plasminogen, 
decreases endogenous thrombolysis, and thus en- 
hances thrombus formation during the continuous 
dynamic process of thrombosis and thrombolysis.” 
Lipoprotein(a) probably enhances thrombosis both 
as a circulating lipoprotein and as an arterial wall 
substrate in the extracellular matrix associated 
with fibrinogen within cells.” Platelets contain 
large amounts of plasminogen activator inhibitor 
type-1, which also may enhance thrombus forma- 
tion, as suggested by the great resistance to endog- 
enous and exogenous thrombolysis by platelet-rich 
arterial thrombi.*** In addition, lipoprotein- 
associated coagulation inhibitor, which inhibits the 
interaction of tissue factor with factor VIIa, also 
may play a significant role in reducing arterial 
thrombosis. Lipoprotein-associated coagulation in- 
hibitor is bound primarily to high-density lipopro- 
tein cholesterol in the plasma, is also present in a 
free form, and is enhanced in its action by hepa- 


rin.” 


Rheology of blood flow: The rheology of blood 
fiow is also important in arterial thrombosis. Small 
arteries with large flow velocities are at greater risk 
of thrombosis because platelet deposition in- 
creases directly with the shear force. Shear force is 
the difference in fluid or cell velocity at the center 
of arterial flow compared with the periphery. It is 
inversely related to the third power of the lumen 
diameter and indirectly to the flow velocity.” At 
high shear force, erythrocytes push platelets to the 
periphery, adenosine diphosphate is increased on 
cell surfaces, and platelet deposition is in- 
creased.” After type III or deep arterial injury, 
platelet deposition increases even more rapidly on 
the firmly anchored arterial thrombus. In the 
presence of type II or mild injury, platelet deposi- 
tion only transiently increases, aggregates are 
readily washed away, and platelet deposition re- 
mains at a low and limited level. In an arterial 
stenosis, the concentration of platelets is greatest 
within the minimal lumen diameter. Distal to the 
stenosis in the region of relative stasis, a more 
fibrin-rich or reddish thrombus usually forms.” 
Thus, angioscopy of arteries from patients with 
unstable angina shows a whitish or platelet-rich 
thrombus when viewed antegradely® and a reddish 
or more fibrin-rich thrombus when viewed retro- 
gradely via angioscopy during coronary bypass 
surgery.” Portions of a thrombus may intermit- 
tently embolize distally during growth of the throm- 
bus, but a very rapid regrowth with accelerated 
thrombosis nearly always occurs in the presence of 
deep injury and a high-grade stenosis.“ 


VASOCONSTRICTION AND ARTERIAL INJURY 

Vasoconstriction is common after acute arterial 
injury. After acute arterial injury by balloon dilata- 
tion in pigs, vasoconstriction occurs proximally and 
distally to the dilated region. In the dilated region, 
necrosis of smooth muscle cells is evident 24 hours 
after injury.°“*' This vasoconstriction may be 
significantly reduced by aspirin, nitroglycerin, 
thromboxane receptor inhibition, or serotonin re- 
ceptor inhibition. ”“*® The severity of vasoconstric- 
tion is directly related to the log of the platelet 
deposition. The reduction in platelet deposition 
with aspirin also reduced (but did not eliminate) 
vasoconstriction. Thrombin generation may also 
increase vasoconstriction, perhaps via its known 
ability to release endothelin.” 

After angioplasty in humans, the acute vasocon- 
striction peaks at approximately 30 minutes after 
the procedure and thus may be missed unless 
specifically observed by delayed angiography. This 
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vasoconstriction is also preventable by an intrave- 
nous infusion of nitroglycerin but not necessarily 
by the routine use of calcium antagonists.” Thus 
intravenous nxroglycerin appears to be beneficial 
after coronary angioplasty.” 

Vasoconstr:ction may be localized only to re- 
gions of endcthelial injury, as shown by gentle 
denudation of endothelium in porcine coronary 
arteries, where vasoconstriction occurred only in 
the mildly injared region, but not in the distal 
uninjured region, when acetylcholine was infused 
at increasing steady-state dosages.“ Regrowth of 
endothelium adpears to be protective against ace- 
tylcholine-induced vasoconstriction in porcine cor- 
onary arteries, where endothelial-like cells are 
regrown after one week." Hypercholesterolemia 
induced by cholesterol feeding induces type I 
injury (nondenuding endothelial dysfunction), 
which is associated with acetylcholine-induced va- 
soconstriction in porcine coronary arteries.” 

Vasoconstriction increases the shear force and 
thus may increase platelet deposition and arterial 
thrombosis. The reduction in vasoconstriction with 
infusion of nicroglycerin may indirectly reduce 
thrombosis by ~educing shear forces, but may also 
have a direct effect on reducing platelet deposition 
as observed experimentally and as suggested by the 
inhibition of platelet aggregation by the infusion of 
nitroglycerin in humans.“ 


MURAL THROMBUS 

Mural thrombus is more thrombogenic than 
deeply injured arterial wall at either high or low 
shear and in the absence or the presence of a 
severe stenosis Current antithrombotic therapy 
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FIGURE 1. The central role of thrombin 
in rethrombosis is illustrated. Mecha- 
nisms of the marked thrombogenicity of 
mural thrombus and the difficulty of hep- 
arin completely blocking this process 
are depicted. Endogenous or exoge- 
nous lysis, spontaneous embolization, 
or mechanical disiodgement of throm- 
bus exposes thrombin bound to fibrin. 
Thrombin activates platelets, activates 
factor V to Va (which leads to genera- 
tion of more thrombin via the prothrom- 
binase complex), converts fibrinogen to 
fibrin | and fibrin li monomers, and acti- 
vates factor Xili to Xilla (which cross- 
links fibrin). These processes combine 
to produce rethrombosis. Heparin may 
only partially prevent rethrombosis be- 
cause *factor Xa within the prothrom- 
binase complex is protected from hepa- 
rin—antithrombin ili inhibition, 
**platelet factor 4 secreted from plate- 
lets neutralizes heparin, and ***fibrin H 
monomer inhibits the action of hepa- 
rin—antithrombin ill. (Reprinted with 
permission from Webster et al.*°) 










reduces recurrent ischemia in patients with unsta- 
ble angina but does not eliminate the problem, 
which still remains in 15-40% of patients despite 
treatment with aspirin, heparin, or both.””° 
Residual mural thrombus with or without associ- 
ated vasoconstriction probably explains most of the 
recurrent ischemic episodes in patients who present 
with unstable angina. The difficult problem of 
totally inhibiting growth of mural thrombus is 
centered on thrombin inhibition and is summa- 
rized in Figure 1. Thrombin adsorbed to fibrin 
remains active within residual thrombus. Endoge- 
nous or exogenous thrombolysis, mechanical break- 
age of thrombus, and spontaneous embolization all 
may expose active thrombin bound to fibrin. This 
thrombin may further activate platelets, activates 
its own generation by activating factor V to Va 
(enhances the development of the prothrombinase 
complex which increases thrombin generation by 
278,000 times), converts fibrinogen to fibrin, and 
further cross-links fibrin by activating factor XIII 
to XIIa. In addition, inhibition of thrombin bound 
within the thrombus is relatively resistant to hepa- 
rin because platelet factor 4 secreted from platelets 
inhibits the action of heparin, and fibrin monomer 
II inhibits the action of heparin—antithrombin 
II.” Specific thrombin inhibitors do not have 
these natural inhibitors and have greater access to 
thrombin within the thrombus because of their 
smaller molecular size.*°"? Thrombin bound to 
fibrin requires 30-50 times the dose of heparin for 
partial inhibition (70-75% inhibition of generation 
of fibrinopeptide A) compared with inhibition of 
unbound thrombin in plasma.” The smaller mol- 
ecules of specific thrombin inhibitors gain better 
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access to thrombin bound tc fibrin within the throm- 
bus and thus completely inhibit thrombin (100% 
inhibition of fibrinopeptide A generation) whether 
it is bound within the thrombus or free within the 
plasma at the same dosage of inhibitor.” 

Heparin is beneficial tc patients with unstable 
angina’””*’ even though it does not completely 
inhibit thrombin within a thrombus or totally block 
growth of a mural thrombus. 9*8 Three retrospec- 
tive studies in patients with unstable angina showed 
that heparin administraticn for 3-7 days prior to 
angioplasty improved the success of angioplasty, 
significantly reduced the incidence of total occlu- 
sion after angioplasty, anc reduced the incidence 
of emergency bypass surgery, myocardial infarc- 
tion, and death after the procedure.” 


CURRENT RECOMMENDATIONS 

Unstable angina is a high-risk thromboembolic 
event.” Thus maximal artithrombotic therapy is 
required and appears best achieved with combined 
anticoagulation and low-dose aspirin even though 
no trial has tested combined therapy against single 
therapy. The recent trial with combined therapy 
was designed to test differences from placebo, not 
between therapies.” 

Currently we recommend intravenous heparin 
(100 U/kg bolus plus infusion to prolong the APTT 
to 2-3 times control) plus platelet inhibition with 
aspirin (160 mg loading dose and 80 mg/day 
thereafter). Heparin shou.d be administered for at 
least 3-4 days prior to any coronary angiography in 
order to decrease the complications of a percutane- 
ous transluminal coronary angioplasty (PTCA) 
procedure should it be deemed necessary. 5 
Thus more prolonged aniicoagulation appears to 
encourage endogenous -ysis of residual mural 
thrombus.” In patients trzated medically, heparin 
should be switched to warfarin (prothrombin time 
1.5-1.8 times control, International Normalized 
Ratio [INR] 3.0-4.5) and continued for approxi- 
mately 3 months along with aspirin at 80 mg/day 
for maximal antithrombotic therapy. Nitrates and 
calcium antagonists (especially diltiazem at 90 mg 
4 times/day, which has been shown to reduce 
reinfarction in patients with non-Q-wave myocar- 
dial infarction, and unstadle angina)” may also be 
combined in order to prevent coronary vasoconstric- 
tion or spasm associated with acute arterial injury. 
The reduction in vasoconstriction will decrease 
shear forces and may help reduce platelet deposi- 
tion and mural thrombosis. 

Patients with unstable angina may be treated 
medically without routine urgent coronary angiog- 


raphy if antithrombotic therapy is effective. A 
predischarge exercise test may be done in patients 
with no recurrent ischemia on medical therapy to 
discern signs of residual ischemia. If there is no 
ischemia at a low work load, patients may be 
continued on medical antithrombotic therapy and 
appropriate vasodilators to encourage endogenous 
lysis of any residual mural thrombus. Effective 
antithrombotic therapy may decrease the need for 
revascularization procedures in the future. Cur- 
rently 40-50% of patients with unstable angina 
undergo revascularization procedures with either 
PTCA or coronary artery bypass graft surgery. 

There does not appear to be a good rationale for 
thrombolytic therapy in patients with unstable 
angina because the emergency salvage of myocar- 
dium is not an issue in unstable angina; there is a 
very small but finite risk of intracerebral bleeding 
(0.3-0.6%) with systemic thrombolysis; and throm- 
bolytic therapy administered for 24 hours or less 
has not been shown to improve the minimal lumen 
diameter or decrease morbidity significantly.” 
Newer antithrombotic therapies, which may totally 
block new formation of thrombus, are expected to 
increase endogenous thrombolysis. This should 
maximally clear luminal obstruction and may de- 
crease the need for coronary revascularization in 
up to 50% of patients. This estimate is based on the 
fact that more than half of patients who present 
with acute coronary syndromes have a pre-existing 
minor lesion (<50% stenosis) by coronary angiog- 
raphy.” 

The antithrombotic therapy that appears to be 
most promising for the future is inhibition of 
thrombin by a specific thrombin inhibitor. Hirudin 
can totally block thrombus growth and totally 
prevent new thrombus formation.” Other possi- 
bilities that have lower binding affinities to throm- 
bin include argatroban (a synthetic thrombin inhib- 
itor) or hirulog, a smaller fragment of hirudin.**” 
Inhibition of thrombin generation proximal to its 
formation may be possible by inhibiting tissue 
factor or factors Xa, Vlla, or IXa, or by cleavage 
and destruction of factors Va and VIIa by the 
infusion of activated protein C; inhibition of link- 
ing between platelets by preventing binding of 
fibrinogen, von Willebrand factor, or both with 
platelet glycoprotein membrane receptor inhibi- 
tors (such as glycoprotein I[b/IIIa) and inhibiting 
adhesion of platelets to the collagen receptor 
(glycoprotein Ia) or to von Willebrand factor (gly- 
coprotein [b and glycoprotein IIb/IIIa) may be 
possible.”’” A disadvantage of receptor inhibitors 
to glycoprotein [b/IIIa of the platelet membrane 
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receptor is effectiveness when used alone in 
situations of high thrombogenicity such as deep 
arterial injury; heparin must be used with it in 
these situaticns in order to prevent mural throm- 
bus.” In acdition, this receptor inhibitor is not 
effective at low shear rates.”-” Specific thrombin 
inhibition wich hirudin appears most promising 
because it cen totally prevent mural thrombosis 
and limit platelet deposition to a single layer after 
deep arterial njury and also is effective at high and 
low shear rates. 777 

The duration of therapy required to maximize 
endogenous lĦsis is unknown in animal and human 
studies. In addition, the human dosage of specific 
thrombin inhibitors requires careful study because 
there is a diference between the anticoagulant 
dosage, the antithrombotic dosage, the antifibrin 
dosage, and the antiplatelet dosages of these inhib- 
itors.” Lower dosages of hirudin inhibit fibrinogen/ 
fibrin deposition (APTT 1.7 times control) but 
higher levels are required (APTT 2-3 times con- 
trol) to inhibrt macroscopic mural thrombus and 
limit platelet deposition to a single layer.” Before 
large-scale clinical trials are carried out or this 
therapy is combined with a thrombolytic agent, the 
proper dosages in humans and the proper duration 
of therapy for prevention of thrombus and for 
completion of endogenous lysis and the prevention 
of return of thzombus need to be determined. 
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Pathophysiology of Acute Coronary Syndromes 
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The natural history of coronary artery disease is 
punctuated by clinical manifestations of unstable 
angina, acute myocardial infarction, and isch- 
emic sudden ceath. These acute coronary syn- 
dromes share-common pathophysiologic mecha- 
nisms that include fissuring of a plaque followed 
by varying degrees of dynamic coronary obstruc- 
tion, which is due to vasoconstriction and coro- 
nary thrombocis. The response to plaque fissure 
is likely to be modulated by local and/or systemic 
procoagulant and anticoagulant—fibrinolytic ac- 
tivities. The key role of coronary thrombosis in 
acute coronar syndromes has substantial impli- 
cations for prevention and treatment of compli- 
cations of coronary atherosclerosis. 

(Am J Cardiol 1991:68:16C—23C) 
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have focused on the pathophysiologic events 

leading to conversion of stable manifestations 
of atherosclerotic coronary artery disease (CAD) 
to its more acute and sinister manifestations: 
unstable angina, acute myocardial infarction (MI), 
and ischemic sudden death (acute coronary syn- 
dromes). Unstable angina, characterized by recur- 
rent episodes of prolonged myocardial ischemia 
triggered predominantly by episodic reductions in 
coronary blood flow, is an important model for 
understanding the basic pathophysiologic events 
that lead to all acute ischemic syndromes. Acute 
coronary syndromes are the first clinica] expression 
of CAD in about 30% of patients with CAD. 


I: the past few years, intensive investigations 


CORONARY ATHEROSCLEROTIC PLAQUE IN 
UNSTABLE ANGINA 

The traditional angiographic indices of the sever- 
ity of CAD (number of vessels with significant 
stenosis, percent diameter stenosis, minimal diam- 
eter, length of stenosis, and the presence or ab- 
sence of collaterals) cannot accurately differen- 
tiate patients with stable CAD from those with 
unstable angina (Figure 1).'* A detailed examina- 
tion of the morphology of coronary stenosis in 
culprit arteries, using antemortem as well as post- 
mortem angiography, shows that in at least 70-80% 
of patients with unstable angina, the stenosis is 
eccentric, with overhanging or irregular margins 
and intraluminal haziness or radiolucent filling 
defects—features rarely observed in the coronary 
arteries of patients with stable angina.*” 

Meticulous and detailed postmortem examina- 
tion of atherosclerotic plaques in the culprit coro- 
nary arteries of unstable angina patients shows 
them to be complex, with fissures or cracks in the 
fibrous cap of the plaque (Figure 2). These fissures 
or ruptures usuallv occur either at the margins of 
the plaque in the area where the eccentric plaque- 
bearing segment joins the non-plaque-bearing seg- 
ment of the arterial wall or in the center of the 
plaque.® Fissures average about 300-400 ym in 
length and vary in width from narrow slits to large 
gaps or ulcerations of the plaque surface.’ Areas of 
hemorrhage are commonly observed and may be 
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secondary to plaque fissure.’ Coronary angioscopy 
has confirmed the presenze of complex and fis- 
sured plaques in the culprit coronary arteries of 
patients with unstable angina undergoing coronary 
artery bypass surgery (Figure 3).° 


POTENTIAL MECHANISMS OF PLAQUE FISSURE 

The precise events leeding to plaque fissure 
remain unclear. Fissures cccur more frequently in 
plaques that are rich in extracellular and eccentric 
pools of lipid. However, they are not unique to 
severely occlusive atherosclerotic plaques, but also 
frequently occur in mild_y occlusive plaques.” 
Pathologic studies show that often the plaque 
fissure develops at the margin of the atheroma, 
where the atheroma joins the normal arterial wall 
and plaque-fissure shows a predilection for thin 
acellular, lipid-rich, soft, or highly vascularized 
atheromatous plaques.” 

Richardson et alf demonstrated by means of in 
vitro computer models of arteries, that circumfer- 
ential stress is greatest at the endothelial surface of 
the arterial wall, stress is concentrated at the 
junction of the fibrous cap with the more compliant 
normal arterial wall, and softer plaques tend to 
develop a higher shear stress.” These findings 
suggest that hemodynamic or mechanical stress 
associated with heartbeat. bending and twisting of 
an artery, or increases in blood pressure (exercise, 
diurnal changes, sudden change in coronary tone) 
may contribute to fissuning of certain types of 
vulnerable plaque.” Expezimental studies in mam- 
malian atherosclerotic arteries show that a sudden 
surge of blood pressure in synergy with endothelial 
damage can produce plaque fissures.’ Fissures may 
also occur when activated, subintimal, lipid-laden 
macrophages and other inflammatory cells release 











Figure 2. Histopathology of a coronary 
arterial stenosis showing an athero- 
sclerotic plaque (P) with a fissure (ar- 
row). An Intramural and intraluminal 
thrombus (T) is attached at the site of 
the plaque fissure. (Adapted from Dav- 
ies MJ, ed. Color Atlas of Carciovascu- 
F a Oxford University Press, 
7. 
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Figure 1. Comparative severity of coronary stenosis In the 
coronary arteries of patients with stable angina (SA), un- 
stable angina (UA), and acute myocardial Infarction (MI) 
following thrombolysis. Note the overlap In the severity of 
stenosis In the arterles of patients with SA and those of 
the culprit arteries of patients with UA and acute MI. 
(Adapted from Circulation.°) 


humoral mediators, such as proteases and tumor 
necrosis factor, which erode the plaque from 
within.’ 

Cinematographic studies of cleared human 
hearts and microsphere studies show that extensive 
neovascularization of atherosclerotic plaques is 
associated with a fivefold increase in medial flow 
compared to normal arterial wall with blood flow 
directed from adventitia towards the intima." 
This increased vascularity of the atherosclerotic 
plaque from proliferation of vasa vasora may play a 
role in plaque fissure by providing a source of 
bleeding into the plaque and/or by bringing cellu- 
lar and/or humoral mediators into the plaque, 
which may contribute to fissuring.’*”® This point of 
view, however, has been challenged by Constan- 
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tinides on the basis of pathologic findings.” Several 
recent studies suggest that plaques considered 
noncritical or augiographically insignificant ( <50% 
diameter stenosis) may become the sites of subse- 
quent plaque fissures with superimposed coronary 


thrombosis. t88 


Although the precise causes of plaque fissure 
remain unclear. a variety of factors may render a 
plaque vulnereble to rupture by damaging the 
endothelial lining or weakening the fibrous cap or 
the smooth muscle cells that produce the collagen 
for the fibrous cap. These factors include chemical 
or metabolic insults such as prolonged hyperlipi- 
demia, high angiotensin levels, elevated acetoace- 
tic acid levels ( .e., diabetes), nicotine, circulating 
immune complexes, inflammatory cells and their 
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Figure 3. Intraoperative angloscoplic appearance of 
smooth atheroma In a patient with stable angina (A); fis- 
sured plaque In a patient with unstable angina (B); and 
partially occlusive intracoronary thrombus In patient with 
unstable angina (C). (Adapted from N Engi J Med.°) 


humoral products, and increased fragility of colla- 
gen from increased cross-linking or contraction." 


CONSEQUENCES OF PLAQUE FISSURE 

Plaque fissure may abruptly change the geome- 
try of a coronary stenosis, leading to a sudden 
increase in coronary luminal obstruction. In addi- 
tion and perhaps more importantly, plaque fissure 
may trigger more dynamic mechanisms of coronary 
obstruction (i.e., abnormal vasomotor tone, plate- 
let aggregation, and platelet—fibrin thrombus forma- 
tion) (Table I). These dynamic factors are impli- 
cated in the intermittent coronary artery occlusion 
that leads to episodic coronary flow reduction and 
precipitation of unstable angina. 
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TABLE I Pathophysiology of Unstable Angina* 


1. Fixed Coronary Stenosis 
Fissured plaqe 
and 
2. Dynamic coronary obstruction 
Vasoconstriction 
Platelet aggrezation 
Platelet—fibrir thrombus 


*The interaction is between 1 and 2. 


DYNAMIC FACTORS CONTRIBUTING TO 
EPISODIC CORONARY ARTERY OBSTRUCTION 
IN UNSTABLE ANGINA 

Abnormal vasomotion: Atherosclerotic arter- 
ies have an exaggerated response to certain vaso- 
constrictor stimuli or a paradoxical vasoconstrictor 
response to stimuli that dilate normal blood vessels 
(Figure 4).”””” These abnormal or anomalous vaso- 
motor responses of atherosclerotic arteries have 
been observed in experimental models, human 
arteries studied in vitro as well as in vivo, and 
resemble those of normal arterial strips from which 
endothelial lining has been deliberately removed.*” 
Thus, atherosclerosis appears to impair the normal 
vasodilator effects of the endothelium.” 

In normal endothelium, vasodilation appears to 
be mediated through the release of substances 
such as endothelium-derived relaxation factor 
(EDRF), which may be either nitric oxide or a 
nitrosothiol compound synthesized by the endothe- 
lium from arginine.” Stimuli that produce vasodi- 
lation in the presence of normal endothelium 
include acetylcholine, histamine, bradykinin, sero- 
tonin, substance P, adenosine diphosphate (ADP), 
adenosine triphosphate (A.TP), calcium ionophore 
A23187, platelet-activating factor, thrombin, plate- 
lets, increased shear stress, increased blood flow, 
and exercise (endotheliim-dependent vasodila- 
tors). When the endothelium is damaged, such 
as occurs in atherosclerosis or hypercholesterol- 
emia, the vasomotor response to endothelium- 
dependent vasodilators is blunted or converted to 
vasoconstriction. A recen- study shows that endo- 
thelial cells in culture produce a potent vasocon- 
strictor peptide labeled endothelin.” Thus, endo- 
thelium may modulate vascular tone by releasing 
both vasodilator and vasoconstrictor substances. 
The hyperreactivity of the vascular smooth muscle 
cell may reflect atherosckrotic-induced endothe- 
lial dysfunction leading to deficient release of 
EDRF and/or excessive release of endothelin. It is 
still unclear whether an inzrinsic abnormality of the 
vascular smooth muscle cell also plays a role. 

Plaque fissure may contribute to vasomotor 
hyperreactivity by triggering platelet or leukocyte 













activation and platelet- or leukocyte-mediated va- 
soconstriction.” Furthermore, endothelial dysfunc- 
tion with local thrombin formation may contribute 
to vasoconstriction. Even normal changes in vaso- 
motor tone may significantly reduce blood flow in a 
severely stenotic coronary artery. Clinical observa- 
tions that endothelium-independent vasodilators 
such as nitrates and calcium antagonists reduce the 
number of ischemic episodes in unstable angina 
patients suggest some role for coronary vasomotion 
in the pathogenesis of ischemia in unstable angina. 
However, the limited effect of these agents in 
reducing the risk of acute MI argues that mecha- 
nisms other than vasoconstriction are more impor- 
tant. 

Platelet aggregation: In experimental models 
of partial coronary artery stenosis and endothelial 
injury, Folts et al“ initially reported that spontane- 
ous intermittent coronary occlusion and cyclical 
variations in coronary blood flow distal to the 
stenosis result from intermittent platelet aggrega- 
tion. These cyclical flow variations are atolished or 
reduced by agents that inhibit platelet aggregation 
and/or inhibit the effects of platelet-derived throm- 
boxane and serotonin, such as aspirin, thrombox- 
ane synthetase inhibitors, thromboxane and seroto- 
nin receptor antagonists, and certain a-adrenergic 
antagonists. Cyclical variations are exaggerated by 
platelet aggregatory agents such as ADP, platelet- 
activating factor, a agonists, nicotine, thrombin, 
and exercise (Figure 5).7"* 

Evidence of platelet activation in humans with 
unstable angina includes elevated circulating and/or 
urinary levels of products of platelet activation 
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Figure 4. Vasomotor response of the atherosclerotic and 
normal coronary arteries to acetyichollne. Note that ath- 
erosclerotic segments react with a transient decrease in 
luminal diameter, whereas the normal arteries react with 
a slight Increase in luminal dlameter. C=control; Ach= 
acetyicholine; TNG=niroglycerin. (Adapted from N Engi J 
Med.) 
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such as 8-thromboglobulin, platelet factor IV, and 
thromboxane metabolites“; pathologic evidence 
of platelet mizroemboli in myocardial microvascu- 
lature downst-eam from the culprit coronary steno- 
sis”; and finaly, a strong protective effect of aspirin 
against develcpment of MI in patients with unsta- 
ble angina.” Careful autopsy studies by Falk” 
show that placelet microemboli are seen in about 
50% of patiemts who die soon after the onset of 
ischemic sym>toms.” These emboli are almost 
exclusively seen in arterioles and in small arteries 
downstream from the artery with a fissured plaque 
and may be associated with scattered foci of 
myocardial necrosis. Platelet aggregates on a fis- 
sured plaque may reduce coronary blood flow by 
direct occlusicn or through the release of humoral 
mediators suca as serotonin and/or thromboxane. 
In the absence of normal endothelial function, 
these mediato-s produce vasoconstriction. In addi- 
tion, platelet emboli may produce ischemia or 
infarction anc, conceivably, trigger fatal distur- 
bances of rhythm and conduction. 
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Coronary thrombosis: Intraluminal coronary 
thrombosis appears to play an important role in the 
pathogenesis of unstable angina. Angiographic stud- 
ies show intraluminal filling defects and lucencies, 
indicating a thrombus at the site of a complex 
coronary stenosis in 1% to 85% of patients with 
unstable angina.**' The inconsistencies in the 
reported angiographic incidence of intracoronary 
thrombus may be related to several factors, includ- 
ing variability in the timing of angiography in 
relation to the symptoms and less than optimal 
sensitivity of the angiographic criteria for the 
detection of thrombus. 

A relatively low incidence of thrombus has been 
reported in studies where angiography was per- 
formed several days to weeks after the last episode 
of angina. 59 In contrast, a higher incidence 
(50-85%) has been reported when angiography 
was performed soon after the last episode of 
unstable angina.“ Gotoh et al® observed evi- 
dence of intracoronary thrombus in 57% of pa- 
tients with unstable angina when angiography was 














Figure 5. Platelet-mediated spontaneous cyclical coronary flow variation in the canine coronary stenosis model. (Adapt- 


ed from J Am Coll Cardiol.) 1984;6: 1417. 
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performed during episodes of ischemia. Their study 
used both morphologic features and response to 
intracoronary thrombolytic therapy as the criteria 
for thrombus. More importantly, they documented 
the dynamic and evanescert nature of the intracor- 
onary thrombus in unstable angina. Intraoperative 
angioscopic observations lso show a high preva- 
lence of visible intraluminal thrombus in the cul- 
prit arteries of patients with unstable angina under- 
going bypass surgery (Figu-e 3).* 

The presence of ongoinz thrombosis in unstable 
angina is further supported by indirect evidence, 
such as elevated levels of circulating fibrin and 
urinary markers of thrombin-mediated fibrin forma- 
tion, such as fibrinopeptide A and other fibrin- 
related antigens.” Histopathologic studies confirm 
the high prevalence of intraluminal and intrainti- 
mal thrombus at the site of a fissured atheroscle- 
rotic plaque in patients with unstable angina and 
other acute coronary syndromes.” "834 The fre- 
quent development of acute MI, a complication 
that is now considered ta be the consequence of 
prolonged coronary artery occlusion due to an 
intraluminal thrombus, is further evidence of the 
important pathophysiologic role of intracoronary 
thrombus in unstable angina. Finally, the beneficial 
effects of anticoagulants (and in some cases throm- 
bolytic therapy) in reducing ischemia and the 
frequency of infarction argue strongly that coro- 
nary thrombosis plays an important role in unsta- 
ble angina.” 


FACTORS CONTRIBUTING TO PLATELET 
AGGREGATION AND CORONARY THROMBOSIS 
IN UNSTABLE ANGINA 

Plaque fissure appears to be the initial event 
that creates a milieu for platelet adhesion, aggrega- 
tion, and subsequent fibrin—platelet thrombus for- 
mation. After fissuring occurs, the contents of the 
plaque are exposed to circulating platelets. They in 
turn adhere to the exposed fibrillar collagen (type 
I) and elastin matrix of the plaque through the 
interaction of von Willeb-and factor and adhesive 
glycoprotein platelet recestors (Ib and possibly Ia). 

The high shear rate in the vicinity of a severe 
coronary stenosis contributes to platelet adhesion 
and aggregation by a cyclooxygenase independent 
mechanism. Deep arterial wall injury is associated 
with a more intense and prolonged platelet deposi- 
tion against the arterial wall at high as well as low 
shear rates. This is in contrast to more superficial 
endothelial injury wher=2 platelet deposition is 
higher at high shear rates, with maximum deposi- 
tion occurring within 10-20 minutes and dislodge- 


ment of platelets caused by the blood fiow.” The 
model of superficial injury and high shear rate 
simulates a coronary stenosis with mild ulceration 
of the plaque; the deep injury model simulates an 
area of arterial stenosis with a deep plaque fis- 
sure.” Following platelet adhesion, exposure of 
another type of platelet glycoprotein receptor (IIB/ 
IHA), binding fibrinogen, von Willebrand factor, 
and possibly fibronectin bridge activated platelets, 
leading to platelet aggregation. Platelet-derived 
procoagulants, as well as the procoagulant effect of 
the “tissue factor” expressed by the plaque and 
released from the plaque, activate the clotting 
cascade, leading to thrombin formation. Thrombin 
in turn leads to fibrin formation, further platelet 
aggregation contributing to fibrin—platelet throm- 
bus formation, and vasoconstriction. 


ROLE OF HYPERCOAGULABILITY 

In addition to the severity of the plaque fissure, 
the intensity and the duration of the thrombotic 
response may be further modulated by the balance 
between systemic or local procoagulant and fibrino- 
lytic state as well as the aggregability of platelets. 
Hypercoagulable states associated with elevated 
fibrinogen levels, increased triglyceride and lipopro- 
tein(a) levels, chronic smoking, elevated factor VI 
activity levels, and depressed fibrinolytic state due 
to high levels of plasminogen activator inhibitor 
type 1 may particularly predispose certain individu- 
als to thrombosis, whereas an efficient fibrinolytic 
system and a hypocoagulable state may protect 
others from thrombotic consequences of plaque 
fissure. 

Autopsy studies in patients who die from the 
complications of unstable angina frequently show 
that coronary thrombi of varying ages are seen at 
the site of a fissured plaque, suggesting ongoing 
waves of thrombosis and its dynamic nature in the 
acute coronary syndromes.” Incorporation and 
organization of thrombi into the plaque may con- 
tribute to accelerated progression of CAD. This 
has been angiographically demonstrated in up to 
70% of patients with unstable angina who were 
serially studied during progression from a stable to 
an unstable state." 


A UNIFYING MECHANISM TO EXPLAIN THE 
PATHOPHYSIOLOGY OF ACUTE CORONARY 
SYNDROMES 

The acute coronary syndromes of unstable an- 
gina, acute MI, and ischemic sudden death appear 
to share a common pathophysiologic basis, with 
plaque fissure in the coronary artery as the patho- 
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logic hallmark (Figure 6).*"° In addition to the 
plaque fissure varying amounts of intraluminal 
and intramural platelet—fibrin thrombus constitute 
the acute intimal lesion observed in the vast major- 
ity of patients who die of acute coronary syn- 
dromes.””° Wh2n plaque fissure is associated with 
brief periods oZ coronary occlusion (due to platelet 
aggregation, vasoconstriction, or evanescent plate- 
let-fibrin thrombosis), the result is unstable an- 
gina; when the coronary occlusion is more pro- 
longed, the result is acute MI. Subendocardial 
infarction is mcre likely to develop when spontane- 
ous reperfusion occurs, before occlusion-induced 
necrosis has spread transmurally, or when the 
transmural spread of necrosis from a permanent 
coronary occlusion is halted by well-developed 
epicardial collaterals. Sudden cardiac death is 
likely to occur when a large area of myocardium is 
rendered ischemic, leading to a fatal disturbance in 
cardiac rhythm or conduction. This may develop 
during brief cr prolonged periods of coronary 
occlusion or perhaps when platelet aggregates 
embolize dowrstream from the acute coronary 
lesion. 
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Growth Factors in Pathogenesis of Coronary 
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Restenosis occurs in 25% to 55% of patients 
within 6 months of successful angioplasty. The 
major histologic component of the restenotic le- 
sion is intimaLhyperplasia, which is almost cer- 
tainly driven by growth factors. After vascular 
injury, smooth muscle cells proliferate, reaching 
a maximum rate at day 2. Smooth muscle cell 
proliferation diminishes as the vessel surface is 
re-endotheliakzed at about day 7, and by week 4 
the smooth muscle cell mitotic rate returns to 
baseline of < 1% per day. The events of the histo- 
logic evolutior of arterial injury can be used to 
create a hypothetical paradigm for the role of 
growth factors in restenosis. Restenosis might 
logically be prevented by an inhibitory interven- 
tion at any of the various steps in the healing pro- 
cess. 

(Am J Cardiol 1991;68:24C—33C) 
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y N Jithin 6 months of successful angioplasty, 
restenosis occurs in 25% to 55% of 
patients. Autopsy and atherectomy 
studies have identified intimal hyperplasia as the 
major histologic component of the restenotic le- 
sion.* Insights from these studies have prompted 
several investigators to begin identification of the 
cells and the cell products responsible for resteno- 
sis. This discussion will first describe the histologic 
appearance of intimal hyperplasia as it evolves 
following vascular injury, and why this evolution is 
almost certainly driven by growth factors. This will 
be followed by a discussion of the most important 
growth factors and their known actions, and finally 
by speculation on the possible individual functions 
of growth factors in the genesis of intimal hyperpla- 
sia and, by inference, in the process of restenosis. 


HISTOPATHOLOGY OF RESTENOSIS 

The histopathology of restenotic lesions was 
first established by autopsy studies in patients who 
died several months after angioplasty,’ and later in 
tissue removed by atherectomy from living pa- 
tients.” The histologic appearance is independent 
of both the type and the location of vascular injury.’ 
Thus, balloon inflation, atherectomy, lasers, and 
even Gore-Tex grafts produce the same response, 
in both peripheral and coronary arteries.’ The 
restenotic lesion consists of proliferating mesenchy- 
mal cells in a loose connective tissue matrix of 
sparse collagen fibrils and acid mucopolysaccha- 
rides (Figure 1). The mesenchymal cells, which are 
large and stellate, appear to be smooth muscle cells 
that have modulated from the quiescent contractile 
phenotype to the more primitive, metabolically 
active synthetic phenotype. The abundant extracel- 
lular matrix surrounding these phenotypically 
modified cells often has an abundance of new 
capillaries, indicating concomitant endothelial cell 
proliferation. This histologic pattern is termed 
intimal hyperplasia.’ 
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EXPERIMENTAL MODELS OF INTIMAL 
HYPERPLASIA 

The factors responsible for smooth muscle cell 
proliferation and extracellular matrix secretion are 
now being defined using in vitro and in vivo 
experimental models. The most widely studied 
model of vascular injury is that induced by balloon 
inflation in rats” or rabbits.” This form of injury 
closely approximates that in humans, since there is 
both endothelial denudation and damage to the 
media.” After injury, smooth muscle cells prolifer- 
ate first in the media. About 30-40% of the medial 
smooth muscle cells proliferate, reaching a maxi- 
mum at 2 days. These cells begin to migrate to the 
intima at about 4 days. In the intima, smooth 
muscle cell proliferation is maximal 7 days after 
denudation. As the vessel surface is re-endothelial- 
ized at about 7 days, smooth muscle cell prolifera- 
tion begins to diminish (Figures 2 and 3). By 4 
weeks the smooth muscle cell mitotic rate in the 
media returns to the baseline rate of < 1%/day." 
In permanently denuded areas, on the other hand, 
intimal smooth muscle cell proliferation can persist 
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at levels of 4% for as much as 12 weeks af 
injury.” 

Since growth factors regulate proliferation 
endothelial cells, migration and proliferation 
smooth muscle cells, and extracellular matrix seci 
tion throughout the body, they may influence tl 
progression of intimal hyperplasia through the 
action on the cell cycle. Cells in the adult arteri 
wall are normally quiescent.” Such cells are said 
be in phase G, of the cell cycle. When stimulated | 
extracellular factors, the cell enters the G, phase, 
state of activation that precedes the S phase, whe 
the DNA content of the cell is duplicated - 
mitosis. In tissue, therefore, the amount of prolife 
ation depends predominantly on the relative fra 
tion of cells in the G,, compared with the G,, phasi 
Growth factors stimulate progression from the C 
to G, phase and hence cell proliferation. 

The G, phase is subdivided into a phase i 
which the cell becomes competent to proliferate 
after which it is stimulated to progress to the , 
phase. During progression, there is protein synthe 
sis, in contrast to the competence phase. In th 
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FIGURE 1. Intimal proliferation in postangioplasty restenosis (Trichrome stain). Smooth muscle cells with cytoplasmic 
Projections and abundant extracellular matrix, (Courtesy of Dr. M. Fishbein.) 
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final step prior to entry into the S phase, enzymes 
are organized into a complex to catalyze DNA 
synthesis. Growth factors are classified as compe- 
tence or progression factors. Smooth muscle cells 
become cometent after exposure to platelet- 
derived growth factor. Those competent cells will 
progress to the S phase if provided with a progres- 
sion factor. For smooth muscle cells, insulin-like 
growth factor type 1 (IGF-1) is a progression 
factor.'° 

Our currert knowledge of the effects of growth 
factors in comtrolled systems like cell culture is 
quite extensive. Growth factors are expressed by 
many differert cell types, often act on the same 
cells that express them, and may have inhibitory or 
proliferative effects, depending on the environ- 
ment. We have much less knowledge about interac- 
tions betweer growth factors and about their 
effects in tissues in vivo. Thus, our analysis of the 
role of growth factors in restenosis must be some- 
what speculative, since it mostly involves selection 
of data derived from experimental conditions that 
are not necessarily identical to vascular injury in 
man.” 
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FIGURE 2. Re-endethelialization of rat aorta after balloon denudation. 
Stained blue with Evans Blue dye. Lower panel: 14 days after denudation, re-endo- 


aorta is still de-eraiothelialized and 
thelialization of thoracic aorta is almost complete. 





PLATELET-DERIVED GROWTH FACTOR, 
THROMBOSPONDIN, AND INSULIN-LIKE 
GROWTH FACTOR TYPE-1 

Three important mediators of smooth muscle 
cell proliferation: The initiating event in intimal 
hyperplasia is platelet adherence and degranula- 
tion. Platelet adherence to the injured area occurs 
immediately, peaks at about 1 hour, and is greatly 
diminished within 24 hours.” Platelets release 
growth factors and other biologically active pro- 
teins. The best-characterized growth factor re- 
leased by platelets is platelet-derived growth factor 
(PDGF). 

The name “platelet-derived growth factor” is 
somewhat misleading. Although PDGF was origi- 
nally discovered as a product released by platelets, 
various PDGF isoforms are also produced by many 
other normal and transformed cells. Structurally, 
PDGF is composed of two polypeptide chains, 
denoted A and B. The A chain is encoded by the 
PDGF A-chain gene” and the B-chain by c-sis, the 
proto-oncogene of the simian sarcoma virus trans- 
forming gene, v-sis.” Both homodimers (AA and 
BB) and a heterodimer (AB) have been identified. 
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FIGURE 3. Histologic sect 












Bea 


ns of control and rat aortas after balloon denudation (hematoxylin and eosin stain). A: Zone 


of normal aorta in control rat. B,C: Zone of denudation in rat aorta 1 and 3 days after denudation. D: Zone of denudation 
in rat aorta with neointimal praiiferation at 14 days after denudation. 


Beyond the platelet source, PDGF-like factors are 
produced by vascular endcthelial cells” and vascu- 
lar smooth muscle cells.” Smooth muscle cells from 
injured arteries express both PDGF A-chain and 
B-chain genes.” The prcduction of different iso- 
forms differs both by cell form and experimental 
conditions. In human serum, only 7% of the PDGF 
is the BB isomer, whereas that secreted by human 
endothelial cells contains twice that amount of 
PDGF-BB.” These differences probably have bio- 
logic importance. For instance, PDGF-AA has low 
mitogenic activity and no effect on chemotaxis of 
human fibroblasts but is a potent mitogen in 3T3 
cells, whereas PDOGF-AB is a potent stimulator of 
human fibroblasts.” 

The analysis of the production and possible 
functions of PDGF is complicated not only by the 
existence of three isoforms but also by the differ- 
ences in multiple forms af specific cell membrane 


receptors.” Two distinct PDGF receptor genes 
have been identified, denoted a and B.”” The a 
receptor subunit binds A and B chains, whereas 
the B receptor subunit binds only B chain with high 
affinity (Figure 4). This difference in receptor 
subunit affinity for the three isoforms suggests that 
the effects of PDGF isoforms are regulated by both 
the availability of the ligand and by the receptor 
subunit on the target cell.” 

The evidence implicating PDGF as a central 
factor in wound healing comes from several sources. 
Addition of PDGF increases the collagen forma- 
tion in wound chambers” and the width of the 
newly synthesized dermal tissue layers in skin 
wounds.” In vascular injury, there is also substan- 
tial evidence for a role of PDGF. In animals with 
limited endothelial damage, infusion of PDGF-BB 
stimulates smooth muscle cell proliferation.” 
Thrombocytopenia suppresses smooth muscle cell 
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PDGF RECEPTOR BINDING 





Receptor 


FIGURE 4. Platelet-derived growth factor (PDGF) receptor 
a Subunit can bind PDGF A and B chains; subunit 6 can bind 
only PDGF B chains. Homodimer PDGF AA can bind only to 
aa receptor, PDGF AB can bind to ax and af receptors, and 
PDGF BB can bin4 to all three PDGF receptor classes. 
(Adapted from Paoc Nat! Acad Sci USA.™) 


migration to the intima, but does not alter medial 
smooth muscle cell proliferation.*° Thus, PDGFs 
may be primar-ly responsible for providing a stimu- 
lus to smooth muscle cell migration, whereas growth 
factors that originate from other cellular sources 
may be required for smooth muscle cell prolifera- 
tion. Finally, m human atherosclerotic arteries’ 
and explanted saphenous vein grafts,” PDGF-A 
chain mRNA has been detected by in situ hybridiza- 
tion, suggesting a role in the smooth muscle cell 
proliferation tiat characterizes atheroma forma- 
tion. 

Stimulation of smooth muscle cell proliferation 
by PDGF, however, clearly involves its interaction 


with several other factors, most notably thrombo- 
spondin” and IGF-1." In vascular smooth muscle 
cells, PDGF induces both thrombospondin® and 
IGF-1 mRNA expression.” Both thrombospondin 
and IGF-1 appear to be essential for smooth 
muscle cell proliferation, since monoclonal antibod- 
ies to either protein inhibit smooth muscle cell 
growth.” Additionally, the inhibitory effect of 
heparin on smooth muscle cell growth may be 
through prevention of thrombospondin binding.” 

Perhaps the most important growth factor to 
interact with PDGF is IGF-1. IGF-1 is a progres- 
sion factor for PDGF, indicating that it is required 
for PDGF to exert its full mitogenic effect in 
cultured smooth muscle cells.” IGF-1 alone is a 
poor stimulator of growth, yet smooth muscle cells 
stimulated by PDGF do not progress readily to the 
S phase unless IGF-1 is also present.” In vivo 
studies also show synergism between the two growth 
factors. When IGF-1 was added in topical therapy 
of experimental full thickness epidermal wounds, 
epidermal growth increased 2-fold and the number 
of connective tissue cells and hydroxyproline con- 
tent increased 3-fold, with a concomitant increase 
in the organization and maturation of collagen 
fibers.” 

Changes in IGF-1 gene expression at the site of 
vascular injury are striking. Our studies have shown 
that the IGF-1 mRNA is expressed in the normal 
smooth muscle cells of rat aorta and that local 
IGF-1 mRNA content increases 9-fold 1 week after 
experimental vascular injury (Figure 5).* By in situ 
hybridization, IGF-1 mRNA transcripts are pre- 
dominantly localized to medial smooth muscle cells 
(Figure 6).” Thus, signals elicited by the injury 
stimulate local IGF-1 expression by smooth muscle 
cells. Although the biochemical inducer(s) of IGF-1 
expression have not been identified, one reason- 
able candidate is PDGF. Our studies and those of 
others have also found that IGF-1 protein accumu- 
lation is maximal on the luminal surface.” 

The expression of IGF-1 in the vessel wall is 
regulated by both systemic (endocrine) and local 
(paracrine) factors. After hypophysectomy to elim- 
inate growth hormone, the principal endocrine 
regulator of IGF-1, basal aortic IGF-1 mRNA 
content is markedly reduced. The relative increase 
in IGF-1 mRNA after injury, however, is preserved 
even in the absence of growth hormone.” These 
data suggest that basal vascular IGF-1 expression is 
controlled by circulating growth hormone, whereas 
local induction of IGF-1 mRNA after injury is 
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| 
FIGURE 5. Regulation of alternar-ive 5' = 
insulin-like growth factor type 1 (IGF-1) 
mRNA transcripts In the rat aorta after 
balloon denudation. Total RNA from 
liver (lane L), and aortas before [lane 0), 
3 (lane 3), 7 (lane 7), and 14 (lame 14) 
days after denudation and from rats 
treated with growth hormone (lenes GH 
1 and 2) were hydridized with ar 1GF-1 = 
riboprobe complementary to class A 
IGF-1 mRNA. Arrows indicate protected 
fragments of 322 (class A) and 241 
(class C) bases. (Reprinted with permis- 
sion from American Heart Association B 
and Circulation Research.*) 





controlled by paracrine factors. Consistent with 
this hypothesis, our studies have found that neoint- 
imal proliferation is decreased in hypophysecto- 
mized rats, but after supplementation with growth 
hormone returns to the same level as in nonhy- 
pophysectomized rats (unpublished observation). 
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FIGURE 6. Localization of 5’ insulin-like growth factor type 
1 (IGF-1) mRNA variants in ral aorta 14 days after balloon 
denudation by In situ hybridization. L=lumen. 
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TRANSFORMING GROWTH FACTOR-ALPHA, 
AND EPIDERMAL GROWTH FACTOR 

The interaction between endothelial and 
smooth muscle cells: The fibroblast growth fac- 
tors (FGFs) belong to the group of polypeptide 
mitogens that share the property of heparin affinity 
and are now referred to as heparin-binding growth 
factors." Class I heparin-binding growth factors 
are anionic, expressed in neural tissue kidneys and 
myocardium. Class II heparin-binding growth fac- 
tors are cationic, have wide tissue distribution, and 
commonly characterized as basic FGF (bFGF).” 
Binding of FGF to heparin sulfate proteoglycan 
occurs in the basement membrane of the endothe- 
lial cell.’ This association protects and stabilizes 
FGF in vivo. 

The potential involvement of FGFs in the pro- 
cess of restenosis stems from the findings that 
cultured endothelial’ and vascular smooth muscle 
cell’ both express and respond to FGF and that 
FGFs are potent angiogenic factors.” Quiescent 
endothelial cells do not stain for the bFGF protein, 
whereas regenerating endothelial cells show abun- 
dant immunostaining with bFGF antibody.” Fur- 
ther, after arterial wall injury FGF stimulates 
endothelial” and smooth muscle cell prolifera- 
tion.” After the gene for bFGF was cloned, observ- 
ers found that several oncogenes have a 40-50% 
homology to this factor” and mammalian cells 
transfected with bFGF genes are partially trans- 
formed.” Finally, bFGF is a potent stimulus to its own 
expression”: This autocrine mechanism, similar to 
PDGF-B, may be an important mechanism for ampli- 
fying the rapid proliferation in response to injury. 

There are both high-affinity and low-affinity 
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receptors for FGF.“ The low-affinity receptor for 
FGF, a heperin-like substance, may concentrate 
FGF on cell surfaces and facilitate its binding to 
the high-affin“ty receptors.” High affinity receptors 
for FGFs are expressed after crushing injury to the 
blood vessel.” 

At least two additional closely related growth 
factors, transforming growth factor-a (TGF-a)” 
and epidermal growth factor,” probably play an 
important role in proliferative response after vascu- 
lar injury. TGF-a has an approximately 30% struc- 
tural similarity with epidermal growth factor,”” 
and the 2 growth factors bind to the same recep- 
tor.” Although binding is equipotent in vitro, 
TGF-a has a more potent vascular action™” and is 
a more potent angiogenic mediator in vivo.” TGF-a, 
like bFGF, induces its own expression.” 

Our investigations show that TGF-a mRNA is 
not detectable in normal rat aorta, but it is ex- 
pressed after Dalloon denudation and localized to 
smooth muscle cells.” The source of TGF-a imme- 
diately after in-ury may be either activated macroph- 
ages,” or an EGF-like peptide released by plate- 
lets.” It is secreted in a membrane-bound form”? 
and may be modified by a neutrophil-secreted 
elastase to its mature form.” Thus, the process of 
inflammatory <ell invasion of the wound site may 
be important toth as a method for activating local 
growth factors as well as a primary source for their 
expression. 

The interaction between endothelial and smooth 
muscle cells efter injury is also unquestionably 
critical, because smooth muscle cell proliferation is 
greatest at the sites of least re-endothelialization.” 
Conversely, wien the endothelial surface is re- 
stored, smooth muscle cell proliferation begins to 
diminish.” The mechanisms responsible for sup- 
pression of smooth muscle cell proliferation after 
re-endothelialization are undefined, but may in- 
volve heparin and transforming growth factor-ßB 
(TGF-B). 


TRANSFORMING GROWTH FACTOR-BETA: 
MAJOR STIMULATOR OF EXTRACELLULAR 
MATRIX PRODUCTION 

Transforming growth factor-B (TGF-B) is en- 
tirely unrelated to TGF-a in structure, biologic 
activity, and receptor binding.” The similarity in 
names relates only to the initial discovery that both 
are involved ia cell transformation.’ Several 
isoforms (denot=d 1-5) have been identified. TGF-B 
is the most important factor regulating extracellu- 
lar matrix prodwction.™ It stimulates production of 


proteoglycans, collagen, and fibronectin and regu- 
lates the receptors for these proteins.” In cultured 
smooth muscle cells, exposure to TGF-B increases 
collagen II mRNA and protein secretion several- 
fold.” Finally, TGF-f inhibits the action of proteo- 
lytic enzymes that destroy connective tissue.” This 
latter effect involves 2 distinct mechanisms: de- 
crease in the secretion of proteases, and increase in 
the formation and secretion of protease inhibi- 
tors. Thus, the combined actions of TGF-8 
serve to augment the accumulation of matrix pro- 
teins. 

Although TGF-B is abundant in platelets,” both 
endothelial and smooth muscle cells also produce 
it and express its receptor.” The effect of TGF-B 
on cell proliferation is variable.” TGF-B stimulates 
proliferation in some connective tissue cells, 
whereas it is a potent inhibitor of proliferation in 
epithelial cells.” In cultured aortic smooth muscle 
cells, TGF-B inhibits growth in subconfluent mono- 
layers, but stimulates growth in confluent cul- 
tures.” The bimodal effect of TGF-8 on smooth 
muscle cell proliferation is regulated by stimula- 
tion of endogenous production of PDGF-AA at 
low concentration™” and down-regulation of 
PDGF-« receptors at high concentrations.” En- 
dothelial cells normally do not express PDGF 
receptors,’ and endothelial regrowth is unim- 
peded in the presence of TGF-ß in vivo.” The 
tissue concentration of TGF-B increases tran- 
siently in the arterial wall after injury, peaking 
prior to the phase of extracellular matrix produc- 
tion.” 


GROWTH FACTORS AND PATHOGENESIS OF 
THE RESTENOSIS: A SYNTHESIS OF CURRENT 
KNOWLEDGE 

The histologic evolution of arterial injury is well 
defined.”"” Immediately after injury, platelets ac- 
cumulate at the site of injury. Within a few days, 
platelets have largely disappeared. At about 48 
hours, smooth muscle cells in the media start to 
proliferate and then migrate to the injured area. 
Endothelial cells also begin to proliferate at the 
margin of the wound. At approximately 1 week, the 
endothelial surface is restored, and accumulation 
of extracellular matrix begins to become apparent. 

These histologic events can be correlated with 
current knowledge about the injury response to 
create a hypothetical paradigm for the role of 
growth factors in restenosis. In the initial phase of 
the healing response, degranulation of adhering 
platelets releases PDGF, TGF-B, epidermal growth 
factor, and thrombospondin. The inflammatory 


30C THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 4, 1991 


cells that invade the wound site both secrete and 
release membrane growth factors. These mecha- 
nisms probably account foz the rapid increase in 
IGF-1, TGF-a, and bFGF im local tissue concentra- 
tion. Stimulated by PDGF. thrombospondin, and 
other growth factors, medial smooth muscle cells 
modulate to the synthetic phenotype. The change 
in phenotype is accompan.ed by autocrine secre- 
tion of growth factors that stimulate proliferation 
within about 48 hours of injury. At the same time 
bFGF, TGF-a, and epidermal growth factor stimu- 
late endothelial cell proliferation. Endothelial cells 
are stimulated to initiate autocrine secretion of 
growth factors, including FGF and TGF-a. As the 
endothelial cell margins zome together, at 1-2 
weeks, TGF-8 begins to inhibit endothelial cell 
proliferation. The accumulating TGF-B secreted 
from the smooth muscle and endothelial cells is 
also a potent inducer of extracellular matrix produc- 
tion. As the endothelial integrity is restored, extra- 
cellular matrix begins to accumulate in the subin- 
tima. Over the ensuing 3-6 months, extracellular 
matrix deposition creates the histologic appear- 
ance of smooth muscle cells embedded in a mass of 
extracellular matrix. Gradually, smooth muscle 
cells return to the quiescert contractile phenotype, 
and the extracellular meétrix evolves to consist 
predominantly of collagen, producing the late ap- 
pearance of a raised scar at the injury site. The 
prevention of restenosis, therefore, might logically 
occur by an inhibitory intervention at any one of 
these different steps in the healing process. 
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Unstable angina patients should be hospitalized 


and treated wath antianginal drugs to control 
their symptoms and with aspirin or heparin to re- 
duce the risk >f myocardial infarction. Heparin is 
probably preferable to aspirin acutely, because it 
also reduces the risk of refractory angina. How- 
ever, aspirin therapy should be started before 
heparin is discontinued, to prevent the rebound in 
symptoms, ami continued long-term. Unless spe- 
cifically contraindicated, coronary arteriography 
should be persormed to identify patients who 
might benefit “rom coronary bypass surgery or 
angioplasty. Control of risk factors is important 
for long-term eutcome. 
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nstable angina is the most common diagno- 
| | sis among patients admitted to coronary 
care units. Although the short-term mor- 
tality rate is less than 2%, approximately 10% of 
patients with this form of angina will develop 
myocardial infarction (MI) in the hospital. The 
goals of treatment for unstable angina are thus 
3-fold: (1) to prevent angina and ischemic epi- 
sodes; (2) to prevent MI; and (3) to control or 
eliminate risk factors to ameliorate long-term prog- 
nosis. Treatment related to the third goal is ex- 
tremely important but will not be discussed further 
in this article because it is similar to that applied to 
other patients with coronary disease. Table I lists 
the commonly applied treatments for unstable 
angina that have definite effects on the prevention 
of angina and the prevention of MI. Evidence to 
support these conclusions will be presented in the 
following discussion. 


ANTIANGINAL DRUGS IN THE TREATMENT OF 
UNSTABLE ANGINA 

Beta-adrenergic blockers, calcium antagonists, 
and a variety of nitrate preparations including 
intravenous nitroglycerin are routinely used to 
treat patients with unstable angina. These drugs 
reduce the symptoms of stable angina and presum- 
ably have the same effect in unstable angina as 
well. However, it is difficult to prove this point 
based on data from clinical trials, for several 
reasons. Many studies are not parallel placebo- 
controlled or report only combined end points; 
others primarily include patients whose angina is 
probably caused by coronary spasm, and the trial 
results may not be applicable to a broader spec- 
trum of patients with unstable angina. Gottlieb et 
al’ reported that the addition of propranolol to 
baseline therapy of nifedipine and nitrates reduced 
both angina and electrocardiographic (ECG) evi- 
dence of ischemia to a significantly greater extent 
than placebo. In another study, the combination of 
propranolol and nitrates produced better angina 
relief than nifedipine in previously untreated pa- 
tients.’ In one uncontrolled study,’ propranolol 


34C THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 4, 1991 


TABLE I Effect of Treatment in Unstable Angina 


Prevent 
Angina 


Prevent 
infarction 


Unproven 
Unproven 
Unproven 
Yes 

Yes 
Unlikely 
No 
Untikely 


B-blockers 
Calcium antagonists 


Nitrates, intravenous nitroglycerin 
Aspirin 

Heparin 

Thrombolytic therapy 

Bypass surgery 

Coronary angioplasty 





and diltiazem were equal_y effective in reducing 
angina, whereas another urcontrolled trial* showed 
similar results with intravenous nitroglycerin and a 
combination of oral and cutaneous nitrates. 

The ability of these drugs to control symptoms 
of myocardial ischemia in unstable angina does not 
necessarily imply that they are also able to prevent 
MI. Table II lists the incidence of MI in unstable 
angina studies in which this information was re- 
ported separately and routine therapy did not 
include aspirin or heparir. The overall infarction 
rate (9.7%) does not appear to be lower with any of 
the drugs employed; differences between studies 
reflect differences in pazient selection and the 
duration of follow-up. With an event rate of approx- 
imately 10%, the sample sizes of these studies of 
unstable angina are too small to detect a minor or 
modest effect of treatmert on the infarction rate. 
Yusuf et alf provided an overview of patients in the 
8 blocker trials with threatened infarction, i.e., 
prolonged ischemic pain without ECG evidence of 
infarction at entry. At least in this poorly character- 
ized group, B blockers may indeed prevent infarc- 
tion; infarctions developed in 29% of the B blocker 
patients and 32% of the control subjects—a 13% 
risk reduction (p < 0.04). 


TABLE i] Myocardial Infarction Rates in Unstable Angina 
Studies with Antianginal Drugs 


MI Rate 
6/42 (14%) 


Reference Treatment Groucs Interval 


Gottlieb etal? Propranolol, nifedipine, 4 weeks 
nitrates 

Placebo, nifedipine ni- 
trates 

Nifedipine 

Nitrates, propranobl 

Propranolol, nitrates 

Diltiazem, nitrates 

Placebo 

Nifedipine 

B-blocker 

Nifedipine, B-blocLer 


3/39 (8%) 


9/63 (14%) 
9/63 (14%) 
2/50 (4%) 
3/50 (6%) 
9/84 (11%) 
14/89 (16%) 
12/160 (8%) 
13/182 (7%) 
80/822 (9.7%) 


MI = myocardial infarction. 


Muller et al? 14 days 


Théroux et al? 1 month 


HINT? 
48 hours 





RATIONALE FOR ANTIPLATELET AND 
ANTITHROMBOTIC THERAPY 

Angiographic,’ angioscopic,® and pathologic” 
studies show that plaque rupture or fissuring, with 
formation of an acute occlusive or nonocclusive 
mural thrombus, is an important mechanism in the 
pathogenesis of the acute ischemic coronary syn- 
dromes such as unstable angina and MI. Exposure 
of the contents of the plaque results in a thrombo- 
genic surface for interaction with platelets from the 
arterial blood. Platelets thus activated release vaso- 
constrictive substances such as serotonin and throm- 
boxane A,. In addition, adenosine diphosphate 
(ADP) is released, which may also contribute to 
recruitment and activation of neighboring plate- 
lets, ultimately leading to mural platelet-thrombus 
growth. Plaque rupture also results in the release 
of tissue thromboplastin and the activation of the 
coagulation system, which leads to thrombin gener- 
ation. In addition to catalyzing the conversion of 
fibrinogen to fibrin, which stabilizes the platelet- 
rich thrombus, thrombin is also a potent platelet 
activator that may enhance the platelet-thrombus 
mass. Thus, these intracoronary thrombi have a 
large platelet and fibrin component.” Indeed, an 
increase in plasma thromboxane A, production (a 
marker of platelet activation)” and an increase in 
serum fibrinopeptide A formation (a marker of 
ongoing thrombin formation and thrombosis),” 
have been documented in unstable angina. In 
addition, vasoconstrictive substances released from 
activated platelets may further reduce luminal 
diameter at the site of thrombosis.” 

Therefore, a rational approach is to use an- 
tithrombotic drugs to prevent or reduce the forma- 
tion and propagation of such mural thrombi, and 
this technique has been employed as an antithrom- 
botic approach to the management of unstable 
angina. The potential effectiveness of these drugs 
depends on their ability to interfere with several 
essential reactions associated with arterial throm- 
bogenesis. Aspirin inhibits platelet function by 
irreversibly blocking the enzyme cyclooxygenase, 
an enzyme that converts arachidonic acid to pros- 
taglandin endoperoxides, and ultimately to throm- 
boxane A,, a powerful vasoconstrictor and stimu- 
lant to platelet aggregation. Aspirin only partially 
inhibits platelet aggregation induced by ADP, 
collagen, or thrombin. 

Heparin is a mixture of mucopolysaccharide 
chains of various lengths. It acts by forming a 
complex with antithrombin II, which then inhibits 
not only thrombin, but other serine proteases 
(factors XIIa, XIa, IXa, and Xa). In addition, 
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TABLE Ili Effec. of Aspirin on the Combined Incidence of Death and Nonfatal Myocardial Infarction (MI) in Unstable Angina 


No. of 
Patients 


Time to 


Reference Enrollment 


<48 hr 
<8 days 
Mean 8 hr 
Mean 33 Fr 


12 wk 
18 mo 


Lewis et al’ 
Cairns et alë 
Théroux et al!” 
RISC® 


*Excluding heparin—reated patients. 
tResults according b actual treatment {not intention to treat). 


heparin affects hemostasis by virtue of its platelet 
inhibitory effect." Heparin molecules differ in their 
antithrombin end anti-factor Xa activity; low molec- 
ular weight hsparins, for example, have less an- 
tithrombin and more anti-factor Xa activity. 

Aspirin: There is overwhelming evidence that 
aspirin prever-ts MI in patients with unstable an- 
gina. Each of 4 randomized, double-blind, placebo- 
controlled trials reported a significant risk reduc- 
tion, ranging from 51% to 71% (Table HI). Only 
men were enrolled in the study of Lewis et al.” 
Aspirin (324 mg per day) was begun within 48 
hours of admission and patients were followed for 
12 weeks. The study of Cairns et al’ entered 
patients (both male and female) within 8 days of 
admission and followed them for a mean of 18 
months. Aspirin (325 mg) was given 4 times daily. 
Despite these differences, both studies reported 
results that weze strikingly similar. 

In the study of Théroux et al,” patients were 
enrolled a mean of 8 hours after their last episode 
of chest pain, received aspirin (325 mg) twice daily, 
and were follcwed for 6+3 days, until definitive 
therapy was selected after coronary arteriography. 
This study design optimizes experimental condi- 
tions by eliminating any confounding effects from 
revascularizaticn procedures and by reducing drop- 
outs and noncompliance. The results reported 
extend the corclusions of previous studies: The 
beneficial effec: of aspirin is operative in the acute, 
subacute, and chronic phases of unstable angina. 

Low-dose aspirin (75 mg/day) was used in the 
study from Sweden (risk of myocardial infarction 
and death during treatment with low dose aspirin 
and intravenocs heparin in men with unstable 
coronary artery disease [RISC Study]"*), and the 
treatment interval extended from a mean of 33 
hours after admission to 90 days. Yet the results 
were similar—a 58% risk reduction, from 17.6% to 
7.4%. Nearly half of the RISC patients had non-Q- 
wave infarction without unstable angina at study 
entry. The beneficial effect of aspirin on the pri- 
mary end point (death plus nonfatal infarction) 


Duration 
of Study 


6 + 3 days 
90 days . 





Nonfatal 
Death MI 
Risk 


Placebo Aspirin Reduction 


was observed for both unstable angina (p=0.04) 
and non-Q-wave infarction (p < 0.0001). 

In the Physicians Health Study, a primary 
prevention trial, low-dose aspirin reduced the risk 
of MI by 44%.” In the Persantine-Aspirin Reinfarc- 
tion II Study (PARIS), aspirin reduced the com- 
bined endpoint of coronary death plus nonfatal 
MI by 24% in survivors late after MI.” This drug 
also preserves patency of saphenous vein bypass 
grafts” and improves short-term survival with 
and without thrombolytic therapy after acute MI.” 
In addition, aspirin also prevents platelet aggrega- 
tion and cyclic flow reductions in severely stenotic 
coronary arteries of dogs,” an experimental model 
analogous to unstable angina. The ability of aspirin 
to prevent infarction in unstable angina is there- 
fore concordant with the effect of this drug in 
related coronary syndromes, and its beneficial 
effects are probably related to its antithrombotic 
properties. There is no convincing evidence, how- 
ever, that aspirin prevents angina. 

Heparin: Table IV summarizes the effect of 
heparin in the acute phase of unstable angina as 
assessed in 3 randomized, double-blind, placebo- 
controlled trials. Telford and Wilson” randomized 
400 patients with “intermediate coronary syn- 
drome,” defined to include unstable angina and 
non-Q-wave infarction, into a double-blind, pla- 
cebo-controlled, factorial design trial of heparin 
and atenolol. Almost half the patients (186) were 
later withdrawn because of incorrect recruitment. 
Atenolol had no effect on the incidence of MI. 
Only 3 of 100 heparin-treated patients, compared 
to 17 of 114 patients who were not receiving 
heparin, developed MI within the week of the 
study. The dose of heparin was 5,000 U intrave- 
nously every 6 hours. 

Théroux et al” included only patients with 
unstable angina in their study, and heparin was 
administered as a continuous infusion, with the 
dose adjusted to maintain the coagulation time at 
1.5-2 times control. Excluding the aspirin-treated 
patients, MI occurred in 1 of 118 heparin and 14 of 
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No. of 
Patients 


Terms Used to 


Reference Describe Patients 





Telford and Wilson?® 
Théroux et al!” 
RISC?!’ 


Intermeciate syndrome* 
Unstable angina 
Unstable CAD* 


236t 
397t 





*Unstable angina plus non-Q-wave infarcticn. 
tExcluding aspirin-ireated patients. 
includes atenciol-treated patients. 
NS = difference not significant. 


118 control patients, a risk reduction of 93%. 
Refractory angina, defined as recurrent bouts of 
angina with ischemic ECG changes or recurrent 
angina requiring urgent intervention, occurred in 
27 control patients compared with only 10 in the 
heparin group (risk reduction 63%, p=0.002). A 
rebound effect often occurred when heparin was 
discontinued before aspirin was started.” 

In contrast to these two trials, the RISC study 
did not show a statistically significant benefit from 
heparin. Half of the RISC patients had non-Q- 
wave infarction and half had unstable angina. 
Heparin was given as an intravenous bolus of 5,000 
U every 6 hours for 24 hours, with the dose reduced 
thereafter by 25%. When heparin was discontin- 
ued after 5 days, 12 of 199 controls and 11 of 198 
heparin patients had died or developed MI. The 
lack of benefit from heparin in the RISC study as 
compared to the previous studies may be due not 
only to the difference in heparin administration, 
but also to the longer interval before the initiation 
of treatment in RISC or differences in the patients 
studied. 

The results of a recent Italian trial” suggest that 
continuous, as opposed to intermittent, heparin 
administration is necessary to ensure efficacy in 
unstable angina, at least with respect to control of 
ischemic episodes. Unstable angina patients who 
were refractory to conventional antianginal ther- 
apy were randomized to heparin infusion, heparin 
bolus, or aspirin. Heparin infusion reduced angina 
attacks by 94% and silent ischemic episodes by 
71% (p<0.001 for both end points). Intermittent 
heparin reduced angina bv only 30% and ischemic 
episodes by only 19%; the change with aspirin was 
even less. The response to heparin infusion was 
significantly (p <0.001) better for both end points 
than the response to the other 2 treatments. 

The pathophysiologic conditions in the culprit 
artery are probably quite similar in unstable angina 
and after successful thrombolytic therapy for MI. 
In the Heparin-Aspirin Reperfusion Trial,” the 
rate of infarct artery patency, 7-24 hours after 
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TABLE IV Effect of Heparin on the Combined Incidence of Death and Nonfatal Myocardial Infarction (MI) in Unstable Angina 


Duration 
of Study 


7 days 
6 + 3 days 
5 days 







Nonfata! 
Death Mi 
Risk p 
Reduction Value 


3.0% 80% 


0.8% 93% 
5.6% 7% NS 


Placebo 


14.9%ł 
11.9% 
6.0% 


Heparin 




















initiation of recombinant tissue-type plasminogen 
activator (rt-PA), was higher with heparin than 
with aspirin, 82% versus 52% (p<0.0001). Since 
heparin, when given with rt-PA, does not increase 
the early patency rate,” these findings suggest that 
heparin can prevent early reocclusion after success- 
ful thrombolysis. This benefit is analogous to the 
ability of heparin to prevent infarction in unstable 
angina. 

Thrombolytic therapy: Thrombus formation un- 
doubtedly plays an important role in the pathophys- 
iology of unstable angina. Since thrombolytic ther- 
apy is safe and effective in acute MI, a condition 
caused by acute coronary occlusive thrombus forma- 
tion, it is therefore not surprising that thrombolytic 
therapy has been tested with enthusiasm in unsta- 
ble angina. 

Thirteen studies of thrombolytic therapy for 
unstable angina are summarized in Table V. In 6 of 
them, no control group was included, and none of 
the studies included more than 100 patients. In 
most cases, quantitative measurements of lesions 
were obtained through computer-assisted tech- 
niques and coronary arteriography was not per- 
formed before or after treatment. In studies meet- 
ing these criteria, ™"“ the degree of improvement 
in culprit lesion severity was small and marked 
improvement was identified in only a minority of 
cases. For example, only 5 of 36 patients reported 
by Ambrose et al” showed angiographic improve- 
ment after intracoronary streptokinase; mean ste- 
nosis severity changed from 84% to 83%. An 
uncontrolled study reported improvement at 24 
hours in 16 of 22 cases with total cr subtotal 
occlusions.” Nicklas et al” reported an insignifi- 
cant decrease in stenosis severity, from a mean of 
71% to 63% after rt-PA therapy, and Williams et 
al?” reported decreases of 3-5% with low-dose 
rt-PA, high-dose rt-PA, or placebo. In the latter 
study, all patients received concomitant aspirin 
and a constant heparin infusion; resolution oc- 
curred in most patients with visible intracoronary 
thrombus irrespective of thrombolytic therapy. 


A SYMPOSIUM: MECHANISMS OF UNSTABLE ANGINA 370 


TABLE V Thronmolytic Therapy for Unstable Angina 


Patients 
(agent/control) Agent 


Clinical 
Improvement 


Angiographic 


Reference Improvement 


Lawrence et al*- Streptokinase Intravenous No angiography 


Rentrop et alf? 


Vetrovec et al? 
Mandelkorn et e*** 
Ambrose et aj?" 


Gold et ai°® 
Gotoh et al? 


Streptokinase 
Streptokinase 
Streptokinase 
Streptokinase 
t-PA 
Urokinase 


intracoronary No 


intracoronary 
Intracoronary 
Intracoronary 
Intravenous 

Intracoronary 


Minor 

Yes 

5 of 36T 
Yes 

If thrombus 


Streptokinase Streptokinase IC; rt-PA IV if stenosis > 90%ł 
or t-PA 
Schreiber et af??? Urokinase 
Nicklas et al? t-PA 
Ardissino et al“? t-PA 
Williams et al*? t-PA 


Freeman et al”? t-PA 


De Zwaan et al> 


Intravenous No 

Intravenous Not 
Intravenous Not 
Intravenous Not 
Intravenous Not 


*Study includes patients with non-Q-wave infarction. 
Study using quantitative coronary arteriographic measurements as an end point. 


IC = intracoronary; |" = intravenous; rt-PA = recombinant tissue-type plasminogen activator. 


When combined, these studies suggest that any 
improvement m the severity of stenosis induced by 
thrombolysis s likely to be limited to totally or 
subtotally occhuded arteries or arteries with obvi- 
ous thrombus. Even then, thrombolysis may not be 
superior to standard therapy with heparin and 
aspirin. Small improvements in a critically nar- 
rowed lesion may be difficult to detect arteriograph- 
ically, but may have important functional conse- 
quences. Nicklas et al” reported that rt-PA patients 
with obvious tnrombus had a decrease in stenosis 
diameter from a mean of 82% to 73% which was 
associated with an increase in their pacing thresh- 
old to ischemiz of 26+7 beats/min. 

Ultimately, whether thrombolysis becomes a 
routine compcnent of therapy for unstable angina 
depends on whether it can prevent angina or MI, 
or improve long-term outcome. In the controlled 
studies that reported death or myocardial infarc- 
tion,” one of these events occurred in 11 of 88 
thrombolysis patients and 8 of 67 controls (12.5% 
vs 11.9%, respectively). The sample sizes of these 
studies are tco small to detect even a modest 
benefit for ths end point. At least one study in 
progress, Thrcmbolysis in Myocardial Infarction- 
III (TIMI-IT), should be large enough to settle this 
question. 

Other agents with different mechanisms of 
action: Ticlopidine is a platelet inhibitor with an 
incompletely understood mechanism of action; it 
appears to interfere with fibrinogen and von Wille- 
brand factor interactions with the glycoprotein 
receptor IIb/IIIa.“ In a randomized, nonblinded 
study of 652 petients with unstable angina, ticlopi- 
dine reduced the incidence of vascular death plus 
nonfatal infarczion, from 13.6% to 7.3% (p=0.009), 
a 46% risk reduction.” Patients were enrolled 





within 48 hours of admission and followed for 6 
months. Ticlopidine also prevents periprocedural 
complications of angioplasty” and improves coro- 
nary bypass graft patency.” In a large multicenter 
stroke prevention study, ticlopidine was superior to 
aspirin but had more serious adverse effects.* In 
the management of unstable angina and in coro- 
nary disease, aspirin appears to be as effective as 
ticlopidine. 

Monoclonal antibodies to the glycoprotein IIb/ 
IIIa receptor prolong bleeding time and inhibit 
platelet aggregation”; these antibodies hold prom- 
ise both for the treatment of unstable angina and 
as adjunctive therapy with thrombolysis.” Prostacy- 
clin (prostaglandin I,), a potent vasodilator and 
platelet inhibitor produced by vascular endothe- 
lium, is ineffective in unstable angina at doses that 
inhibit platelet aggregation.” 

Low molecular weight heparin is currently un- 
dergoing clinical evaluation. Compared with stan- 
dard heparin, it causes less bleeding at equal 
antithrombotic doses, and thus can be given to 
outpatients without rigorous monitoring. More 
potent thrombin inhibitors, such as hirudin,” will 
soon be available for clinical trials. This product of 
recombinant DNA technology prevents formation 
of Factors V, VIII and XIU, blocks thrombin- 
induced platelet activation and, in contrast to 
heparin, inactivates fibrin-like thrombin. 

Role of revascularization: The majority of 
patients with unstable angina have multivessel 
disease, often associated with exercise-induced 
myocardial ischemia or some degree of left ventric- 
ular dysfunction. Stable angina patients with these 
characteristics have improved survival with coro- 
nary artery bypass surgery.’ After an episode of 
unstable angina, many patients remain limited by 
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typical angina in spite of medical therapy; if coro- 
nary anatomy is favorable, coronary bypass surgery 
can relieve this symptom in 90% of such patients. 

Two controlled clinical trials have compared 
medical and surgical therapy in unstable angina.””” 
Between 1972 and 1976, the National Cooperative 
Study Group enrolled 288 patients.” The in- 
hospital mortality rate was 5% for surgical and 3% 
for medical patients (difference not significant); 
17% of the surgical and 8% of the medical patients 
developed MI in the hospital (p<0.05). After 1 
year of follow-up, medically treated patients were 
more limited by angina, irrespective of whether 
they had single, double, or triple vessel disease. 
After a mean follow-up of 30 months, mortality was 
similar in the 2 groups, and 36% of the patients 
initially assigned to medical therapy had under- 
gone surgery because of an unacceptable level of 
angina. 

The results of this trial cannot be applied to 
clinical practice today because of the important 
advances in both medical and surgical treatments 
that have occurred in the intervening years. The 
Veterans Administration Cooperative Study, which 
enrolled 468 patients between 1976 and 1982, is 
more recent and more relevant. The operative 
mortality rate was 4.1% and the graft patency rate 
at 1 year was 75%. Within 2 years, 34% of the 
medically assigned patients had crossed over to 
surgery. By 5 years, survival in the medical patients 
was 81% compared to 84% in surgical patients 
(difference not significant). 

However, a definite benefit was seen with sur- 
gery in those patients with the most severe coro- 
nary disease: 5-year mortality with triple vessel 
disease was 11% with surgery and 24% with medi- 
cal therapy (p <0.02).” The advantage was even 
larger for patients with triple vessel disease and left 
ventricular dysfunction: 9% mortality with surgery 
and 29% with medical treatment (p<0.05). Many 
of the sickest patients (age >70 years, left main 
stenosis, severe left ventricular dysfunction, previ- 
ous bypass surgery, recent MI) were excluded from 
this study. However, such patients will often ben- 
efit from surgery as well. Although surgery relieves 
angina, and in certain subsets improves survival, it 
does not reduce the risk of MI.” 

Table VI lists the characteristics of unstable 
angina patients undergoing bypass surgery and the 
general results for over 6,000 patients in 14 reports 
published between 1978 and 1988.” Despite a high 
prevalence of triple vessel involvement, left main 
stenosis and previous infarction in this population, 
the results are good, with 5-year survival ranging 


TABLE VI Results of Coronary Bypass Surgery for Unstable 
Angina* 


Patient characteristics 
3-vessel disease 
Left main stenosis 
Previous infarction 
Operative mortality 
Perioperative infarction 
Survival to 5 years 
*Fourteen reports from 1978 to 1988 of 6,136 patients with unstable angina 


undergoing bypass surgery. 
Adapted “rom Circulation. ® 





from 85% to 92%. Even better results have been 
reported from single institutions: Rahimtoola et 
al” reported a 1.8% operative mortality with 83% 
10-year survival. The 10-year reoperation rate was 
17%, and 61% of survivors were angina-free at 
latest follow-up. Improved myocardial protection 
techniques and greater use of internal thoracic 
(mammary) artery grafts have improved surgical 
results since these studies were performed. How- 
ever, improved results are not reflected in surgical 
statistics because older and sicker patients are now 
frequently referred for operation. 

Coronary angioplasty appears to be ideal ther- 
apy for unstable angina patients with single vessel 
disease, even through controlled clinical trials are 
not yet available to support this claim. Coronary 
angioplasty can also be applied to selected unsta- 
ble angina patients with multivessel disease, either 
by dilating multiple lesions or by limiting angio- 
plasty to the ischemia-producing stenosis.“ The 
risk of angioplasty is higher in unstable than in 
stable angina patients and increases even further 
when the procedure is done soon after the onset of 
symptoms.” Successful angioplasty can be antici- 
pated in 80-90% of unstable angina patients with 
suitable anatomy.” Between 5% and 10% will 
develop MI or require emergency bypass surgery as 
a result of the procedure.™” Unstable angina is 
probably a risk factor for restenosis—the primary 
limitation of coronary angioplasty. An improve- 
ment in segmental left ventricular function distal to 
successfully dilated arteries has been demon- 
strated in unstable angina, presumably due to 
reversal of myocardial stunning.” 
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intravenous Diltiazem Versus Nitroglycerin for 
Silent and Symptomatic Myocardial Ischemia in 
Unstable Angina Pectoris 
Z.Y. Fang, MD, Nelly Picart, mD, Michel Abramowicz, mp, Philippe Unger, MD, 


Pascale Narracci, Tech, John Sobolski, MD, PhD, Guy Berkenboom, MD, PhD, 
Rudy Scheldewaert, mp, and Serge Degré, MD, PhD 


For 18 patients consecutively admitted to the 
coronary care unit for unstable angina, 48-hour 
electrocardiographic Holter monitoring was per- 
formed after they were randomly assigned ina 
single-blind fashion to 1 of 2 treatment groups. 
The first group was treated with acetylsalicylic 
acid (ASA) anc intravenous nitroglycerin, the sec- 
ond with ASA and intravenous diltiazem. All of the 
patients treated with nitroglycerin still had isch- 
emic episodes after 48 hours (33% were symp- 
tomatic), in ccntrast with 11% of the diltiazem 
group (11% asymptomatic). Maximal ST-segment 
depressions of symptomatic and asymptomatic 
episodes were significantly different; and no sig- 
nificant increases in heart rate were observed 
either during the 15 seconds before ischemia be- 
gan or during -he ischemic episode. During the 48 
hours, the dittiazem group had significantly fewer 
ischemic episddes (17) than did the nitroglycerin 
group (145). We concluded that “on-line” ST-seg- 
ment observa-ion is of prime importance for mon- 
itoring unstable angina; that the majority of the 
ischemic epis:des associated with unstable an- 
gina are silent; and that intravenous diltiazem 
could be an effective pretreatment for patients 
who must und2rgo mechanical or surgical ther- 
apy. 

(Am J Cardiol 1991;68:42C—46C) 
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gina is associated with a high incidence of 

serious adverse clinical outcomes, i.e., refrac- 
tory symptoms requiring myocardial revasculariza- 
tion, acute myocardial infarction, or sudden 
death.'* Continuous in-hospital electrocardio- 
graphic monitoring of patients with unstable an- 
gina has shown that as many as 80-90% of episodes 
of ST-segment depression occur without any chest 
pain.” Further, several investigators have pro- 
vided evidence that silent myocardial ischemia 
adversely affects the prognosis of these patients.*”° 

According to Cohn,” nitrates or calcium antago- 
nists could provide the best therapy for episodes of 
silent ischemia not associated with increased myo- 
cardial work load. Calcium antagonists have been 
shown to be useful for relieving symptoms in 
patients with unstable angina, although they ap- 
pear to have limited effectiveness as therapy for 
silent myocardial ischemia.” Very few studies 
have reported on the effectiveness of intravenously 
administered calcium antagonists. 

Salvade et al and Mauri et al have suggested 
that intravenous diltiazem and verapamil may be 
effective for managing both unstable angina and 
silent myocardial ischemia. 

The present study was designed to compare 
diltiazem with nitroglycerin when administered 
intravenously to patients with unstable angina. It 
was conducted in the coronary care unit with 18 
patients who had coronary artery disease docu- 
mented by history, electrocardiogram (ECG), and 
angiography, and for whom acute myocardial infarc- 
tion had been ruled out by serial serum creatine 
kinase MB (CK-MB) determinations. Patients un- 
derwent coronary angiography within 10 days of 
beginning the study. All patients gave informed 
consent before study entry, and the study protocol 
was approved by the Hospital Ethical Committee. 


|: has long been recognized that unstable an- 
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TABLE I Patient Characteristics, Nitroglycerin Group 


Left Anterior 
Descending 


ECG Ischemia 
Localization 


Patient Sex/Age* 


(Yr) 


Anteroseptal 
Anteroseptall] 
Anterior] 


Anteroseptal 
Anterolateral 
Anterolateral 
Anteroseptal 
Anteroseptal 
Anterior 

*Mean + standard deviation 56.8 + 6.0. 

tAsymptomatic angina after 48 hours. 

Symptomatic angina after 48 hours. 


§Previous myocardial infart; coronary artery bypass graft. 
see myocardial infarction after 48 hours waiting for surgery. 


Coronarography 


Max 10 Days Delay, 
Right Coronary Artery 


Circumflex 
Coronary Artery 
(%) 


DA (E+) 


A = diffuse at positive ergonovine test; ECG = electrocardiographic; E+ = positive ergonovine test. 


PATIENTS AND METHODS 

The 18 patients, 12 men and 6 women, aged 
48-70 years (mean age 59.5+6.5 years), were 
consecutively hospitalized in the coronary care unit 
for unstable angina. The diagnosis of unstable 
angina was based on the occurrence of repetitive 
episodes of angina at rest, accompanied by 
>1.5-mm ST-segment depression. Patients were 
excluded from the study if they had any of the 
following: a heart rate of <50 beats/min, 2nd or 
3rd degree atrioventricular block, amiodarone treat- 
ment during the previous 6 months, systolic blood 
pressure >170 mm Hg or <100 mm Hg, clinical 
signs of heart failure, or chest pain that was 
unresponsive to sublingual nitroglycerin. 

Patients were randomly assigned, in a single- 
blind manner, to receive either intravenous nitro- 
glycerin or diltiazem, which resulted in 2 groups of 
comparable age (58.3+7.8 years for the nitroglyc- 
erin group, and 61.0+5.1 years for diltiazem). 
During the 24 hours before the study began, 


TABLE il Patient Characteristics, Diltiazem Group 


Left Anterior 
Descending 


ECG Ischemia 
Localization 


Patient Sex/Age* 


(yr) 


Anteroseptal 
Anteroiateral 
Anterolateral 
Anterolateral 
Anteroseptal 
Anterolateral 
Anterior 

Anteroseptal 
Anterior 








medication was restricted to 300 mg of aspirin by 
mouth, intravenous heparin, and sublingual nitro- 
glycerin or nifedipine to relieve anginal symptoms. 
General characteristics of the patients are summa- 
rized in Tables I and IL. 

Continuous ST-segment monitoring was ob- 
tained by using a 2-channel system (Avionics 750) 
meeting the recommendations of the Committee 
on Clinical Cardiology published by the American 
Heart Association.” Calibration included assessing 
the influences of body position and of maximal 
Inspiration and expiration on ST-segment shift 
from baseline measurements. Only episodes of 
>0.1 mV, 0.06-0.08 seconds beyond the peak of 
the R wave, were considered for analysis in this 
study. All patients remained supine throughout the 
study. The 48-hour ECG strips were analyzed by an 
independent observer who was unaware of treat- 
ment allocation. 

Cardiac rhythm was monitored and analyzed 
“on-line” by a standard Hewlett-Packard com- 


Coronarography 


Circumflex 
Coronary Artery 


Max 10 Days Delay, 
Right Coronary Artery 


Symbols as in Table I. 
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TABLE Ill Comparison of ischemic Episodes in Nitroglycerin 
and Diltiazem Groups 


Nitroglycerin Diltiazem 


24 Hours 48 Hours 24 Hours 48 Hours 


ischemic Mo. No. No. No. 


ofPts. % of Pts. % of Pts. % ofPts. % 


Symptomatic 5 55 3 33 3 33 0 0 
Asymptomatic 3 100 9 100 5 55 ] 11 


Episodes 


0,01 
0.05 


puter (HP2IMXE system computer). After ran- 
domization, a 48-hour infusion of nitroglycerin or 
diltiazem was begun for all patients, starting with 
2.5 mg/hr of nitroglycerin or 10 mg/hr of diltiazem. 
Hourly infusicn rates were increased by 0.25 mg of 
nitroglycerin and 5 mg of diltiazem after each 
episode of angina, up to a maximum of 5.0 mg/hr 
of nitroglycerin and 20 mg/hr of diltiazem. 

If anginal symptoms persisted at the highest 
dose, treatment was considered to have failed and 
was discontinued. Appropriate medical, mechani- 
cal, or surgica. treatment was then instituted. 


STATISTICAL ANALYSIS 

Comparisons of the influence of both treat- 
ments on symptom relief and on silent ischemic 
episodes, as evidenced by ST-segment shifts, were 
obtained by m2ans of chi-square analysis. Student’s 
t test adapted for small groups was used to analyze 
unpaired variables. 


RESULTS 

In the nitrcglycerin-treated group, coronary an- 
giography per-ormed within 10 days of the onset of 
unstable angira showed that 2 patients had diffuse 
coronary athezosclerosis and a positive ergonovine 
test, no patient had single-vessel disease or 2-vessel 
disease, and 7 patients had 3-vessel disease. In the 
diltiazem-treeted group, coronary angiography 
found 1 patiert with diffuse coronary atherosclero- 


TABLE IV Effect» of Nitroglycerin Therapy on Ischemia 
Episodes 


Duration of Episodes 
(minutes) 
(Mean + SD) 


ischemic No. 
of Pts. 


Episodes 


Symptomatic 
Asymptomatic 
Significance 


Max = maximal; NS = difference not significant; SD = standard deviation. 








sis, 4 patients with 2-vessel disease, and 4 patients 
with 3-vessel disease. 

Holter monitoring during the 48-hour observa- 
tion period showed persistent ischemia in all pa- 
tients treated with intravenous nitroglycerin, al- 
though only 3 of these patients (33%) were 
symptomatic (Table HI). In contrast, in the dil- 
tiazem-treated group, only 1 Holter recording 
showed persistent ischemic episodes over 48 hours, 
and all patients were asymptomatic. These differ- 
ences reached statistical significance (Table IIT). 

The total number of ischemic episodes (Tables 
IV and V) was significantly greater (p <0.05) in 
the nitroglycerin-treated patients (145 episodes) 
compared with the diltiazem-treated patients (17 
episodes). Mean maximal ST-segment depression 
(no episodes of ST-segment elevation were de- 
tected) was significantly greater during anginal 
episodes (3.7+1 mm) than during silent ischemia 
(2.741 mm; p <0.5). Although there were no 
significant differences in maximal heart rates dur- 
ing symptomatic and asymptomatic episodes, maxi- 
mal heart rates during ischemia were significantly 
lower with diltiazem than with nitroglycerin ther- 
apy (p <0.05). Finally, mean heart rates during 
ischemia and during the 15 seconds before its onset 
were not significantly different from mean basal 
heart rates during the corresponding diurnal or 
nocturnal periods. 


DISCUSSION 

Studies of patients with silent ischemia can 
improve our understanding of the pathophysiology 
of the syndrome and lead to the development of 
new ways to treat it." Our observation that heart 
rate did not increase either before or during 
ischemia suggests that an imbalance in coronary 
blood supply is one of the major mechanisms 
contributing to the myocardial ischemia of unsta- 
ble angina. 

The results of several studies have suggested 
that while vasodilators effectively suppress anginal 
symptoms, they less effectively control asymptom- 


ST-Segment 
Depression 
(min) 
(Mean Max + SD) 


Heart Rate 
(beats/min) 
(Mean Max + SD) 
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TABLE V Effects of Diltiazem Therapy on Ischemia 


Number of Episodes ST-Segment 
Duration of Episodes Heart Rate Depression 
Ischemic No. (minutes & seconds) (beats/min) (min) 
Episodes of Pts. % (Mean + SD) (Mean Max + SD) (Mean Max + SD) 


Symptomatic 
Asymptomatic 


Significance 


Max = maximal; NS = difference not significant; SD = standard deviation. 





atic ischemic episodes of unstable angina.” 


That suggestion was confirmed in the present study 
by the nitroglycerin-treated patients; in contrast, 
diltiazem therapy suppressed both symptomatic 
and asymptomatic ischemic episodes. This observa- 
tion may be clinically relevant, because the persis- 
tence of silent ischemia has been shown to ad- 
versely affect the outcome for patients with unstable 
angina.°!? 

Parodi et al”! reported a 60% reduction in 
asymptomatic episodes among patients on an oral- 
therapy regimen combining isosorbide dinitrate 
(300 mg/day) and verapamil (240-400 mg/day). 
Similar results were reported by others when 
combining verapamil or nifedipine with isosorbide 
dinitrate, or nifedipine with propranolol.” A 
combination of intravenous nitroglycerin and hepa- 
rin, plus diltiazem or verapamil may achieve an 
even higher suppression rate. Our study confirms 
that intravenous diltiazem and oral aspirin are 
more effective for controlling both silent and symp- 
tomatic ischemia than are intravenous nitroglyc- 
erin and aspirin. Indeed, 48 hours after beginning 
treatment, all of the patients taking nitroglycerin 
continued to have silent ischemic episodes, but 
89% of the patients taking diltiazem were free of 
silent ischemia. As already noted, the diltiazem 
group had only 17 ischemic episodes during the 
study period, whereas the nitroglycerin group had 
145. Mean heart rates with diltiazem therapy were 
lower than with nitroglycerin treatment, thereby 
reducing the myocardial oxygen demand. Reduc- 
ing oxygen demand could, along with the vasoac- 
tive effects of diltiazem, explain the superior thera- 
peutic effect of intravenous diltiazem on both 
silent and symptomatic ischemia. Tolerance to 
nitrates could also account for the poor results 
observed with nitroglycerin. The symptomatic epi- 
sodes were briefer than the silent ones, presumably 
related to the study protocol, which called for 
immediate treatment of anginal episodes, whereas 
silent ischemia went unnoticed before the analysis 
of the tapes. No patient developed an acute myocar- 


dial infarction during the study period, and there 
were no treatment-related dropouts. 


LIMITATIONS AND CONCLUSION 

Although our study was not double blind and ne 
crossover treatment was performed, we believe 
that the results are clinically relevant. Indeed, the 
single-blind randomization scheme may have been 
compensated for by the objective ECG analyses 
performed by independent observers unaware of 
treatment allocations. Moreover, while the cross- 
over design allows comparisons of different treat- 
ment regimens with the same patient, its implemen- 
tation requires a placebo period between treatment 
phases to ensure proper drug washout and to 
document persistent instability of the anginal symp- 
toms. The high morbidity and mortality associated 
with unstable angina make placebo treatment unac- 
ceptable. 

Our study confirms the observation that the vast 
majority of ischemic episodes in unstable angina 
are asymptomatic, emphasizing the usefulness of 
on-line ST-segment monitoring. The data support 
the hypothesis that vasospasm plays an important 
role in unstable angina, and they also demonstrate 
the therapeutic effectiveness of intravenously ad- 
ministered diltiazem for unstable angina. 


REFERENCES 


1. Russel RO, Horasky RE, Kouchousos N. Unstable angina pectoris: national 
cooperative study group to compare medical and surgical therapy. IJ. In-hospital 
experience and initial follow-up results in patients with one, two and three vessel 
disease. Am J Cardiol 1978;43:839-848. 

2. Fischl $J, Herman MY, Gorlin R. The intermediate coronary syndrome: 
clinical, angiographic and therapeutic aspects. N Engl J Med 1973;288:1193-1198. 
3. Gazes PC, Mobley EM, Faris HM Jr, Duncan RC, Humphries GB. Preinfarc- 
tion (unstable) angina—a prospective study. Ten years follow-up: prognostic 
significance of electrocardiographic changes. Circulation 1973;48:331-337. 

4. Kraus KR, Hutter AM Jr, De Sanctis RW. Acute coronary insufficiency: 
course and follow-up. Circulation 1972;45(Supp! 1):66-71. 

§. Chierchia S, Lazzari M, Freedman B, Brunelli C, Maseri A. Impairment of 
myocardial perfusion and function during painless myocardial ischemia. J Am 
Coll Cardiol 1983;1:924-930, 

6. Biagini A, Mazzei MG, Carpeggiani C, Testa R, Antonelli R, Michaellasi C, 
L’Abbate A, Maseri A. Vasospastic ischemic mechanism of frequent asymptom- 
atic transient ST-T changes during continuous electrocardiographic monitoring in 
selected unstable angina patients. Am Heart J 1982;103:13-20. 

7. Gottlieb SO, Weisfeldt ML, Duyang P, Meilits ED, Gerstenblith G. Silent 


A SYMPOSIUM: MECHANISMS OF UNSTABLE ANGINA 450 


ischemia as a marker for early unfavorable outcomes in patients with unstable 
angina. N EnglJ Med 986;314:121-129. 

8. Quyyumi AA, Moskus L, Wright C, Fox KM. Morphology of ambulatory ST 
segment changes in patients with varying severity of coronary artery disease: 
investigation of the frequency of nocturnal ischemia and coronary spasm. Br Heart 
J 1985;53:186-193. 

9. Johnson SM, Mazritson DR, Winniford MD. Continuous electrocardio- 
graphic monitoring ic patients with unstable angina pectoris. Identification of 
high-risk subgroup wich severe coronary disease, variant angina, and-or impaired 
prognosis. Am Heart F1982;12:4-12. 

10. Winniford MD, Hillis LD. Prognostic implication of silent myocardial 
ischemia: prediction o` events? Cardiol Clin 1986;4:617-620. 

LL Cohn PF. Silent myocardial ischemia and infarction. In: Denolin H, Swann 
HJ, eds. Basic and Clinical Cardiology, New York-Basel: Marcel Dekker, 
1986:209~227. 

12. Saivade P, Bossi M, Mauri F, Todeschini P, Rovelli F. Approcio clinico 
nell’angina in fase di grave instabilita (abstr). XIV Congresso ANMCO Bologna 
Abstract, book 33, 1988. 

13. Schang JJ Jr, Pepine CJ. Transient asymptomatic ST-segment depression 
during daily activity. Æm J Cardiol 1977;39:396-404, 

4A. Johnson SM, Maaritson DR, Willerson JT, Hillis LD. A controlled trial of 
verapamil for Prinzmezal’s variant angina. N Engl J Med 1981;304:862-867. 


15. Oakley GDG, Fox KM, Dargie HJ, Selwyn AP. Objective assessment of 
therapy in severe angina. Ar Med J 1979;1:1540~1546. 

16. Mauri F, Mafrici A, Biraghi M, Cerri P, De Biase AM. Effectiveness of 
calcium antagonist drugs in patients with unstable angina and proven coronary 
artery disease. Eur Heart J 1988;9(Suppl N):158-163. 

17. Sheffield LD, Berson A, Grage-Remschel D, Gileté X, Hermes RE, Hinkle 
L, Kennedy H, Mirvis DM, Oliver X. Recommendations for standards of 
instrumentation and practice in the use of ambulatory electrocardiography. AHA 
Special Report. Circulation 1985;71 (suppl 3):626A-636A. 

18. Mauritson DR, Johnson SM, Winniford MD, Cary JR, Willerson JT, Hillis 
LD. Verapamil for unstab!e angina at rest: a short-term randomized, double-blind 
study. Am Heart J 1983;106:652-658. 

19. Winniford MD, Hillis LD. Prognostic implication of silent myocardial 
ischemia: Prediction of events? Cardiology Clinics 1986;4:617-620. 

20. Gottlieb SO, Weisfeldt ML, Onyang PJ, Aschuff SC, Baughman KL, Traill 
TA, Brinker JA, Shapiro EP, Chandra NC, Millits ED, Gerstenblith G. Effects of 
addition of propranolol to therapy with nifedipine for unstable angina pectoris: a 
randomized, double-blind, placebo-controlled trial. Circulation 1986;73:331-337. 
21. Parodi O, Maseri A, Simonetti I. Management of unstable angina at rest by 
verapamil. A double-blind cross-over study in coronary care unit. Br Heart J 
1979;41:167-174, 


46C THE AMERCAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 4, 1991 


Treatment of Unstable Angina Pectoris 
(European Experience) 


Semi Sen, MD, Cem Ozbek, MD, Gunther Berg, mD, Roland Bach, mp, Jan Dyckmans, MD, and 
Hermann Schieffer, MD 


Unstable angina pectoris is used to describe ac- 


celerated angina, new onset of angina, or pro- 
longed angina. The natural history of the angina 
varies according to clinical presentation. The 
1-year mortality rate ranges from 2% to nearly 
40%. Specific therapy includes nitrates, B-adren- 
ergic blockers, and/or calcium antagonists as 
well as antithrombotic therapy in the form of as- 
pirin. Patients with severe angina at rest and ST- 
and T-wave changes should be admitted to a cor- 
onary care unit where full-dose heparin is admin- 
istered. Coronary angiography should be per- 
formed in individuals who fail to respond to the 
conventional therapy in order to evaluate other 
therapeutic options, including percutaneous 
transluminal coronary angioplasty (PTCA) and 
coronary bypass surgery. In some cases, espe- 
cially in patients with intracoronary thrombus, 
thrombolytic therapy may be beneficial. 

(Am J Cardiol 1991;68:47C—51C) 
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he term “unstable angina” is generally used 
Ik describe different clinical conditions, such 

as accelerated angina pectoris (with in- 
crease of severity and frequency of known chronic 
angina), new onset of angina, and prolonged an- 
gina associated with ST-segment and T-wave 
changes. The prognosis of patients with any of 
these clinical syndromes differs considerably, with 
the worst in the prolonged angina group. There- 
fore, the management of unstable angina, includ- 
ing the aggressiveness and timing of interventional 
techniques, initially depends on the clinical presen- 
tation. 

This report will first briefly discuss the treat- 
ment of unstable angina with antithrombotic drugs, 
antiischemic agents, and intervention techniques, 
and then will cover our experience with coronary 
interventions in the Department of Cardiology of 
the University of Saarland in Homburg/Saar. 


ANTITHROMBOTIC THERAPY 

Rupture of an atherosclerotic plaque with plate- 
let aggregation and thrombus formation, as occurs 
in Q-wave and non-Q-wave infarction, plays a 
major role in unstable angina.’ Heparin and aspirin 
can prevent fatal and nonfatal myocardial infarc- 
tion (MI). In a recently published study, ticlopi- 
dine, an inhibitor of platelet aggregation that is 
completely different from aspirin, also significantly 
reduced vascular death and nonfatal MI in patients 
with unstable angina.’ Antithrombotic therapy must 
be started in the early phase of unstable angina. 


ANTIISCHEMIC THERAPY 

Beta-adrenergic blockers or calcium antago- 
nists, in combination with nitrates, are widely used 
to treat unstable angina, despite the lack of data 
showing that antiischemic therapy reduces mortal- 
ity or the rate of infarction. However, the beneficial 
effect of reducing ischemic episodes is clear-cut.” 
Available reports show that B-adrenergic blockers 
or calcium antagonists such as diltiazem and vera- 
pamil are equally effective in preventing ischemia 
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and can be ased as monotherapy.*’ In addition, 
diltiazem reduced the reinfarction rate in patients 
with non-Q-wave infarction, which is pathogenet- 
ically similar to unstable angina. However, nife- 
dipine as monotherapy should be avoided because 
of increased adverse cardiac events.”’* On the 
other hand, rifedipine is safe and effective as part 
of combinaticn therapy when the symptoms are not 
controlled wivh B-adrenergic blockers.”"*"* 


CORONARY INTERVENTIONS 

Thrombolytic therapy: Since intracoronary 
thrombi are requently detected in patients with 
unstable angma, investigators have become inter- 
ested in the applicability of thrombolytic ther- 
apy.” Some have found only mild quantitative 
and qualitative effects of thrombolytic therapy,” 
whereas others report symptomatic and clinical 
improvement. 74% In a randomized, double- 
blind, placebo-controlled study of 24 patients with 
unstable angina, defined as chest pain at rest with 
transient ST-segment deviation of at least 1 mm, 
no coronary thrombi were found in patients treated 
with recombinant tissue-type plasminogen activa- 
tor (rt-PA) ccmpared with 8 of 11 placebo-treated 
patients.” Further, recurrent angina occurred in 
only 1 actively treated patient compared with 6 in 
the placebo group. Nicklas et al” noted additional 
benefits of thrombolysis in combination with maxi- 
mal therapy. The benefit was limited, however, to 
patients with angiographic evidence of intracoro- 
nary thrombus. 

A prospective study was performed in our institu- 
tion to determine whether thrombolysis in patients 
with unstable angina and evidence of intracoronary 
thrombi would beneficially affect outcome.” Thirty- 
one patients (26 male and 5 female, mean age 
60+11 years) with intermittent electrocardio- 
graphic abnormalities during chest pain (ST depres- 
sion in 17 pat.ents, ST elevation in 10, and T inver- 


tie 


1E _. Thrombus (-) Thrombus (-) 
Sten. (%) 85 +/- 11 11 
LV-EF (%) 57 +/- 8 no 


Thrombus (+) 


31 Patients 
Coronary ~~ 
angiography | 


Thrombus (+) 


Sten. (%) 74 +/- 20 
LV-EF (%) 58 +/- 6 





sion in 9) who were unresponsive to the standard 
therapy, including full-dose intravenous heparin, 
underwent coronary angiography within 12 hours 
after admission to the intensive care unit. Fifteen 
patients had 1-vessel disease, 10 had 2-vessel dis- 
ease, and 6 had 3-vessel disease. Intracoronary 
thrombus was visualized in 13 patients (Figure 1). 
Percutaneous transluminal coronary angioplasty 
(PTCA) was performed in 17 of 18 patients without 
angiographic evidence of thrombus (1 patient had 
emergency surgery because of left main stenosis), 
and thrombus was detected in 6. All 19 patients 
with evidence of thrombi were treated with intrave- 
nous rt-PA at a dose of 10 mg as a bolus, followed 
by continuous infusion of 10 mg/hr over 9 hours 
(Figure 1). Control angiography performed within 
24 hours (n=15) showed complete lysis of thrombi 
in 10.patients and partial lysis in 5. More impor- 
tantly, subsequent PTCA (n=5) was without any 
complications in 4 patients with complete thrombol- 
ysis and 1 patient with partial thrombolysis. One 
other patient underwent coronary bypass surgery 
electively. In the remaining 9 patients a substantial 
decrease of stenosis was observed and there were 
no indications for further coronary interventions. 
Coronary angioplasty: PTCA was initially at- 
tempted only in those patients with 1-vessel disease 
and in those with a single, proximal, noncalcified 
lesion of a major epicardial coronary artery whose 
angina was relatively resistant to medical therapy. 
Recently, increasing numbers of patients with un- 
stable angina have undergone PTCA in many 
centers.” The initial success rate of PTCA ap- 
pears to be slightly lower and the acute complica- 
tion rate higher in unstable versus stable angina. 
Between January 1 and December 1, 1990, 
PTCA was performed in our center in 1,092 pa- 
tients: 755 with stable angina and 337 with unstable 
angina. Most of the patients with unstable angina 


FIGURE 1. The rate of intracoronary 
thrombus detected by urgent coronary 
angiography before and after percuta- 
neous transluminal coronary angio- 
plasty (PTCA) in 31 patients with unsta- 
ble angina unresponsive to the 
conventional therapy. Sten = coronary 
stenosis; LV-EF = left ventricular ejec- 
tion fraction; CABG = coronary artery 
bypass graft; rt-PA = recombinant tis- 
sue-type plasminogen activator. 
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TABLE I Angiographic Findings of Patients (n = 1,092) 
Undergoing Coronary Angioplasty Curing 1990 in 
Homburg/SAAR 


SA UA p 
(n = 755) (n = 337) Value 


(36%) 124 (37%) NS 
(36%) 119 (35%) NS 
(28%) 94 (28%) 

57 


SVD (n) 
DVD (n) 
TVD (n) 
LVEF (%)} 
Intraluminal filling 65 
defect (n) 
DVD = double-vessel disease; TVD = triple-vessel disease; SA = stable angina; UA = 


unstable angina; SVD = single-vessel disease; -VEF = teft ventricular ejection fraction; 
NS = difference not significant. 


(9%) 83 (25%) <Q.001 


had prolonged chest pain and transient ST- 
segment and T-wave abnormalities documented at 
least once during the 4 weeks preceding. Tables I, 
II, and III show coronary angiography findings, 
acute results of PTCA and incidence of acute 
complications. Intracoronary filling defects and the 
number of PTCA of proximal left anterior descend- 
ing artery lesions, which appeared responsible for 
angina, were significantly higher in patients with 
unstable angina compared with stable angina. The 
incidence of acute complications was slightly higher 
in unstable angina; however, the difference was not 
statistically significant. 

Our experiences and that of other investigators 
indicate that PTCA can be performed safely in 
patients with unstable angina. The high incidence 
of acute complications in this group’ may be 
decreased in the near future by better selection of 
patients and advances in medical therapy and 


TABLE II Coronary Angioplasty During 1990 Homburg/Saar 


SA UA 


(n = 755) (n = 337) Value 


Dilated artery (n) 


(66%) NS 
Proximal LAD (28%)  <0.001 
LOX (32%) 
RCA (36%) 
CABG (1.5%) 
Dilated stenoses 
per patient (n) 
Dilated stenoses 
per procedure (n) 
340 


(74%) 

93 (20%) 

25 (5%) 
2 


vaman 


Diameter stenosis (%)} 
Before 82.7% 84.4% 
After 26.4% 28.4% 
CABG = coronary artery bypass graft; LAD = feft anterior descending; LOX = left 


circumflex artery; LM = left main coronary artery; NS = difference not significant; 
RCA = right coronary artery; SA = stable angina; UA = unstable angina. 











TABLE III Incidence of Complications of Coronary Angioplasty 
Performed in 1990 in Homburg/Saar 


SA UA p 
(n = 755) (n = 337) Value 


(3.6%) 15 (4.5%) 
(2.7%) 11 (3.3%) 
(0.1%) l1 (0.3%) 


AOS (n) 

AMI (n) 

CABG surgery 
<3 days (n) 

Death (n) 


(0.3%) 4 (1.2%) 


UA = unstable angina; AM! = acute myocardial infarction; AOS = acute occlusion 
syndrome; CABG = ccronary artery bypass graft; ns = difference not significant; SA = 
stable angina. 


interventional materials. The long-term prognosis 
after successful PTCA seems to be excellent.” 


CONCLUSIONS 

The successful management of unstable angina 
requires a variety of different therapeutic ap- 
proaches. Figure 2 illustrates our present protocol. 
Patients suffering from unstable angina, especially 
those with prolonged chest pain associated with 
electrocardiographic abnormalities, are admitted 
to the intensive care unit and every effort is made 
toward stabilization. Therapy is started with an 
intravenous bolus of 5,000 TU heparin followed by 
continuous infusion of 18 IU/kg/hr. The dose is 
adjusted according to the activated partial throm- 
boplastin time (range, 2-3 times higher than nor- 
mal value). If a patient has been receiving aspirin, 
it is continued. In others, aspirin is withheld during 
the first few hours until the possibility of coronary 
bypass surgery has been excluded, because the 
presence of aspirin significantly increases the risk 
of bleeding complications.” Further, aspirin plus 
heparin is not superior to heparin alone in reduc- 
ing fatal and nonfatal MI in unstable angina.’ In 
addition to heparin, nitrates in combination with 
calcium antagonists and/or B-blockers are adminis- 
tered. If the patient is stabilized by conventional 


no sy ia ee anne stabilization 


urgent angiograph 
i ait delayed angiography 
si Na no thrombus 


thrombolysis 
(ic rt- PA) 


no thrombus >> 


a 


FIGURE 2. Proposed schema for the management of pa- 
tients with unstable angina. ic = intracoronary; iv = intra- 
venous; PTCA = percutaneous transluminal coronary an- 
gioplasty; CABG = coronary artery bypass graft; rt-PA = 
recombinant tissue-type plasminogen activator. 


no intervention 


PTCA 
CABG 


thrombus 


iv rt- PA 


repeat angiography 
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therapy, asp.rin is added to the therapeutic regi- 
men and the patient is transferred to the normal 
care station. Intravenous heparin is continued for 
at least 3 days. Coronary angiography is performed 
usually after 8 to 10 days. Patients who do not 
respond to -nitial stabilization therapy undergo 
emergency angiography. In those with intracoro- 
nary thrombi thrombolytic treatment is started for 
symptomatic stabilization, and PTCA as adjunctive 
therapy.” an intracoronary injection of rt-PA is 
used in a dcse of 20-40 mg. If complete lysis is 
achieved, PTCA is performed depending on the 
residual stenosis and flow grade. If thrombi persist, 
therapy is continued intravenously in a dose of 10 
mg/hr up to £ total dose of 100 mg. Angiography is 
repeated witiin 24-36 hours. Depending on the 
coronary mo-phology, patients are either treated 
conservatively without further interventions, or 
undergo PTCA or bypass surgery. 
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Calcium Antagonists and Left Ventricular 
Function 


J. Thomas Heywood, mp 


Caicium antagonists impede the entry of calcium 
into myocytes and inhibit myocardial contraction. 
Calcium antegonists differ in their relative nega- 
tive inotropic potency and can provoke barore- 
ceptor stimulation that modulates left ventricular 
(LV) performance. Caicium antagonists are uni- 
formly well telerated in patients with normal LV 
function. Use of these agents in patients with 
suspected LY function impairment has yielded 
results ranging from hemodynamic improvement 
to clinical deterioration and increased mortality. 
Reports of clinical deterioration when calcium 
antagonists were combined with B blockers un- 
derscore the-importance of reflex adrenergic 
support for the myocardium. Although calcium 
antagonists are potent vasodilators and produce 
short-term hemodynamic improvement, they are 
not useful as primary treatment in patients with 
congestive h2art failure (CHF). They may have a 
place in the teatment of coexistent problems in 
patients with LV dysfunction. Short-term use of 
calcium antaZonists for myocardial ischemia or 
rapid atrial fidrillation is probably safe in the 
presence of LV dysfunction and overt CHF. Cal- 
cium antagor ists appear to have a role in the 
treatment of patients with diastolic dysfunction 
of diverse etDliogies. 

(Am J Cardiol 1991;68:52C—57C) 
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antagonists have become extremely important 

in treating cardiovascular disease.’ Early in 
their evaluation, indeed even before their mode of 
action was elucidated, these agents were recog- 
nized as potent inhibitors of myocardial contrac- 
tion.” Thus, there was initial caution in employing 
them when impairment of left ventricular (LV) 
function was suspected. As the usefulness of cal- 
clum antagonists in treating a wide range of disor- 
ders (including hypertension, arrhythmias, and 
angina pectoris) became apparent, however, inves- 
tigators began to evaluate them in patients with 
depressed LV function.’ These efforts have yielded 
a wide range of results, from marked hemodynamic 
improvement to clinical deterioration and in- 
creased mortality. Clearly, it would be useful to 
employ calcium antagonists, at least selectively, in 
patients with decreased LV function. Can this be 
done safely? Are these agents uniformly deleteri- 
ous in patients with abnormal LV function, or are 
there specific clinical situations in which they are 
beneficial? 


[: the 30 years since their discovery, calcium 


CALCIUM ANTAGONISM AND NORMAL LV 
FUNCTION 

Calcium antagonists vary widely in their effect 
on LV function. Böhm et al* evaluated the effects 
of equimolar concentration of nifedipine, dilt- 
iazem, verapamil, nitrendipine and isradapine on 
LV papillary muscles removed from patients under- 
going mitral valve replacement. There was more 
than a 20-fold difference in the relative potency of 
negative inotropic effects among these agents (Fig- 
ure 1). Nifedipine was the most potent negative 
inotrope on a molar basis, followed by verapamil, 
diltiazem, nitrendipine, and isradapine. The latter 
two agents, in particular, are almost pure arteriolar 
dilators with very minimal effects on the ventricu- 
lar myocardium in micromolar concentration. The 
concentration of the calcium antagonists were 
typically 3-5 times higher than published therapeu- 
tic ranges in patients. This is important because it 
implies that these agents can cause significant 
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FIGURE 1. Equimolar amounts of vari- 
ous calcium antagonists were placed in 1.0 
a solution bathing papillary muscles 
obtained from patients undergoing mi- 
tral valve replacement. The relative ef- 
fects of each agent on myocardial con- 
traction are shown. Data from Am J 
Cardiol.’ 


RELATIVE 
POTENTCY, 
VERAPAMIL = 

1.0 


§ 


arterial dilation in patients at concentrations that 
ordinarily do not cause significant depression in 
LV contractility. 

Not only do calcium antagonists differ in their 
relative negative inotropic potency, they provoke 
baroreceptor stimulation that can modulate LV 
performance. Thus nifedipine, the most potent 
negative inotrope of the calcium antagonists, actu- 
ally produces an increased ejection fraction and 
peak dP/dt in patients with normal LV function.’ 
This apparent improvement in LV function is a 
result of reduced afterload and reflex adrenergic 
stimulation. When these reflexes are blocked phar- 
macologically, nifedipine causes a decline in maxi- 
mum dP/dt.’ The importance of reflex adrenergic 
support for the myocardium when calcium antago- 
nists are used is underscored by reports of clinical 
deterioration when these drugs are combined with 
B receptor antagonists.® In patients with normal 
LV function, however, the calcium antagonists are 
uniformly well tolerated. 


USE OF CALCIUM ANTAGONISTS IN PATIENTS 
WITH IMPAIRED LEFT VENTRICULAR FUNCTION 
Nifedipine: This agent is predominantly an 
arteriolar vasodilator with very little effect on the 
venous capacitance vessels.’ In reviewing 9 studies 
(total 131 patients) of nifedipine in congestive 
heart failure (CHF), Colucci et al? noted that 
nifedipine produced a significant reduction in sys- 
temic and pulmonary vascular resistance, with a 
concomitant rise in cardiac index. Overall changes 
in right atrial pressure and pulmonary capillary 
wedge pressure were small. Ludbrook et al" noted 
that in patients with higher resting LV end- 
diastolic pressures, nifedipine caused a decrease in 
LV end-diastolic pressure. Similar significant reduc- 
tions in the wedge pressure were seen in patients 





DILTIAZEM NITRENDIPINE ISRADIPINE 


NIFEDIPINE VERAPAMIL 


with acute pulmonary edema who were given 
nifedipine.” 

Unfortunately, patients given nifedipine have 
also deteriorated clinically. In a comparative study 
of diltiazem and nifedipine in 21 patients with 
significant CHF, a marked reduction in systemic 
vascular resistance occurred with nifedipine, but 
LV filling pressure did not change. More notably, 6 
of 21 patients given nifedipine suffered clinical 
worsening of their CHF.” In the same group of 
patients, only 1 of 21 deteriorated on diltiazem. 
Elkayam et al“ reported that one third of patients 
with severe CHF (mean ejection fraction 17%) 
worsened after nifedipine administration (Figure 
2). 

It is unclear why some patients deteriorate with 
nifedipine therapy. In the study by Elkayam et al,” 
hemodynamic parameters were not useful in pre- 
dicting which patients would worsen with this 
therapy, although younger patients appeared to do 
better than older patients. The group of patients 
studied had very severe heart failure, so it is 
possible that small reductions in myocardial con- 
tractility were poorly tolerated. Unlike the normal 
ventricle, maximum dP/dt falls with nifedipine 
administration in patients with CHF, most likely 
because they already have increased adrenergic 
tone that does not increase further following nife- 
dipine.’ 

Verapamil: The negative inotropic effects of 
verapamil have long been appreciated, and so it 
was believed that this drug should not be used in 
patients with LV dysfunction. Therefore, investiga- 
tions of such patients have been limited. Vera- 
pamil, when given to patients with angina pectoris 
and a mean ejection fraction of 40%, produced an 
improvement in exercise tolerance.” Ferlinz and 
Citron” administered verapamil to 14 patients with 
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CHF. Systemic vascular resistance decreased 
whereas ejection fraction and cardiac index in- 
creased signicicantly. 

As has been observed with nifedipine, some 
patients receiving verapamil deteriorate. Chew et 
al” reported deterioration with administration of 
verapamil to 20 patients with ejection fractions < 
35% and wedge pressures > 20 mm Hg. In another 
study, verapemil had to be withdrawn in 4 of 9 
patients with CHF because of clinical deteriora- 
tion. Verapamil causes a decrease in peak dP/dt 
in impaired ventricles. Although this negative ino- 
tropic effect is offset in moderately impaired ventri- 
cles by a balanced reduction in afterload, it should 
probably not be used in patients with ejection 
fractions <35% and clinical evidence of CHF. 

Diltiazem: In general, there has been less expe- 
rience with diltiazem than nifedipine in CHF. 
Walsh et al”? administered intravenous diltiazem to 
8 patients vith New York Heart Association 
(NYHA) class HI or IV CHF during cardiac 





catheterization. The mean ejection fraction was 
26% with an initial end-diastolic pressure of 29 mm 
Hg. There was improvement in both cardiac index 
and lowering of the wedge pressure. However, 1 
patient developed bradycardia with hypotension. 
Other investigators have noted an increase in 
cardiac index during diltiazem treatment without 
lowering of the LV filling pressure.” 

In our own institution, intravenous diltiazem 
has been administered to patients with acute CHF 
accompanied by rapid atrial fibrillation or flutter. 
In these patients with pulmonary edema, the anti- 
arrhythmic effect of intravenous diltiazem was 
paramount, with reduction of heart rate from 144 
to 114 beats/min. Neither cardiac index nor pulmo- 
nary artery wedge pressure changed significantly 
with diltiazem, despite a significant lowering of 
systemic vascular resistance. 

There have been several long-term studies in- 
volving diltiazem with divergent results. The most 
disturbing data about diltiazem in patients with 
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FIGURE 2. Data trom patlents with severe congestive heart failure (mean ejection fractlon 17%) who were given nife- 
dipine. Most patlents improved (group A), but approximately one third (group B) showed hemodynamic deterioration. 

Ci = cardiac ind2x; HR = heart rate; MBP = mean blood pressure; PAW = pulmonary artery wedge pressure; SVI = 
stroke volume index; SVR = systemic vascular resistance; SWI = stroke work index. Reprinted with permission from Am 


J Cardiol.” 
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CHF come from the Multicenter Diltiazem Post- 
Infarction Trial.” In this randomized, double-blind 
study involving almost 2,50C patients, there was a 
150% increase in mortality in those patients who 
had pulmonary vascular ccngestion during their 
infarction. Figulla et al” reported strikingly dif- 
ferent results in patients with idiopathic dilated 
cardiomyopathy. In this randomized although un- 
blinded study, oral diltiazem was administered for 
several years. The mean ejection fraction for this 
group was 34%. However, about 40% of the 
patients were in NYHA class I or II. Mean survival 
time in the control group was 29 months, whereas 
there were no deaths in the group given diltiazem 
(Figure 3). There was also an increase in ejection 
fraction in the patients giver diltiazem. 

How can these divergent results be explained? 
Calcium antagonists stimulate the renin—angioten- 
Sin system and may thus potentiate detrimental 
neurohumoral changes that follow an acute reduc- 
tion in LV function, i.e., myocardial infarction.’ 
Since blocking the renin—argiotensin system after 
an anterior infarction appears to be beneficial,” 
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stimulating this system with calcium channel block- 
ade may be counterproductive. The deaths in the 
diltiazem postinfarction trial did not occur immedi- 
ately after institution of the therapy, which most 
probably would be the case if the negative ino- 
tropic action of diltiazem were the mechanism of 
action. The delay in mortality is more consistent 
with an activation of the sympathetic or renin- 
angiotensin system. Furthermore, calcium antago- 
nists may prevent ventricular remodeling or inter- 
fere with compensatory hypertrophy of the 
remaining normal myocardium after the infarction. 

Still unclear is why a calcium antagonist might 
be useful in idiopathic dilated cardiomyopathy. 
Several investigators have speculated that this 
disease may have an ischemic component.” Angina- 
like chest pain, abnormal thallium treadmill tests, 
and decreased coronary reserve in these patients 
support this point of view.” In an animal model 
(Syrian hamster) of an inherited form of cardiomy- 
opathy, microvascular spasm has been improved by 
verapamil.” What relevance this model has to the 
human is not known. 
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FIGURE 3. Left: Results from the Multicenter Diltiazem Postinfarction Trial. in patients with pulmonary congestion fol- 
lowing an Infarction, there was z significant increase in mortality when dlitiazem was added to therapy. Reprinted with 
permission from N Engi J Med.” Right: Figulla et aF* noted a striking reduction in mortality in patients with Idiopathic 
dilated cardiomyopathy who were given diltiazem. Reprinted with permission from J Am Coll Cardiol.”* 
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DIASTOLIC DYSFUNCTION 

So far, this report has dealt exclusively with 
systolic abnormalities of the left ventricle. How- 
ever, calcium antagonists effect relaxation and thus 
can influence diastolic filling. There have been 
numerous reports describing improved relaxation 
and filling seen with verapamil, nifedipine, and 
diltiazem in hypertrophic cardiomyopathy.” Ver- 
apamil has also been shown to improve these 
parameters in nonobstructive forms of LV hypertro- 
phy.” In an intriguing recent report by Setaro et 
al,” verapamil was given to patients with radiologic 
and clinical evidence of CHF but with normal 
systolic function. All patients had LV hypertrophy 
and none had evidence of coronary disease. Vera- 
pamil brought about a modest improvement in 
exercise performance and ameliorated roentgeno- 
graphic evidence of CHF. Since approximately 
one-quarter of patients with CHF have predomi- 
nantly diastolic ventricular impairment, the cal- 
cium antagonists may have an important role in 
these patients. 


DISCUSSION 

What is the role of calcium antagonists in 
patients with LV dysfunction? The calcium antago- 
nists, althouzh potent vasodilators like prazosin 
and minoxidil, are not useful as primary treatment 
in patients w th CHF. They do produce short-term 
hemodynamic improvement, but can also cause 
clinical deterioration in older patients and those 
with more severe ventricular impairment. Vera- 
pamil can occasionally be used in patients with 
significant LY dysfunction, yet it may cause clinical 
deterioration and thus should be avoided in pa- 
tients with ejection fraction <35%. 

The calcium antagonists may have a role in 
treating coexistent medical problems in patients 
with LV dysfinction. Angina pectoris is a common 
problem in patients with LV dysfunction. At the 
present time there are very few data concerning 
the safety of calcium antagonists in this large group 
of patients. In a retrospective review of 3,081 
patients given nifedipine for angina, 233 were 
diagnosed as having CHF.” Discontinuance of 
nifedipine fcr adverse events in this cohort of 
patients was not more common than in the non- 
CHF group. A randomized trial of calcium antago- 
nists in pati2nts with angina pectoris and LV 
dysfunction secondary to remote myocardial infarc- 
tions is needed to address the safety and efficacy of 
these agents for this group. 

Short-term use of calcium antagonists for myo- 
cardial ischemia or rapid atrial fibrillation is proba- 


bly safe when LV dysfunction, even overt CHF, is 
present. Diltiazem should not be used following an 
acute myocardial infarction in patients with pulmo- 
nary vascular congestion. The calcium antagonists 
appear to have a role in patients with diastolic 
dysfunction of diverse etiologies. 
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The Role of Coronary Angioplasty in the 
Management of Unstable Angina Pectoris 


Allan M. Ross, MD 


Using percu-aneous transluminal coronary angio- 
plasty (PTCA) as primary therapy for unstable an- 
gina is quite common. Unstable angina appears 
to be the incication for the procedure in approxi- 
mately one third of all PTCA attempts. Consider- 
ing the unstable nature of the placque in this type 
of angina, aad the increased risk of abrupt occlu- 
sion due to frequent intraluminal thrombus, the 
generally reported rate of success, approxi- 
mately 85%, is highly respectable. The evidence 
supporting € period of pretreatment with aspirin 
and heparin is strong. Less certain is the value of 
concomitantly administering plasminogen activa- 
tors. Pending data should produce important fur- 
ther guidelires for effective therapy. Major trials, 
some using fibrinolytics as well as taking an over- 
all aggressive, interventional approach (like that 
taken by UNSA, TIMI-IIl, and others), are reaching 
the recruitment-completion and promulgation 
stages. 

(Am J Cardiol 1991;68:58C-—60C) 
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plasty (PTCA) was developed and initially 

advocated as a treatment alternative fo 
carefully selected patients with stable angina pecto 
ris. During the brief decade since angioplasty’: 
introduction, however, the syndrome of unstable 
angina (using its broadest definition) has emergec 
as perhaps the leading current indication for using 
the procedure. As with the other commonly usec 
treatments for the unstable angina patient (f 
blockers and calcium antagonists), the decision tc 
apply PTCA is based more on logic, judgment, anc 
the knowledge of good outcome in sequential 
patients, and less on effectiveness proved by clini- 
cal trials. 


Piser transluminal coronary angio- 


PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY 

Frequency of PTCA treatment of unstable 
angina: Unstable angina is probably the leading 
diagnostic indication for angioplasty as currently 
practiced. As early as the time of the first Nationa. 
Heart, Lung, and Blood Institute registry,’ this 
syndrome accounted for approximately 40% of al! 
such procedures attempted. Just a few years later. 
as compiled by the second registry,’ unstable an- 
gina patients accounted for 49% of all angioplas- 
ties. Obviously, the representation of such patients 
among overall PTCA candidates in individual insti- 
tutions differs greatly, because of hospital location. 
for example, and probably even more so because oj 
the nature of each practice, i.e., direct admission 
versus carefully selected referral populations. In 
published reports, the fraction of unstable angina 
patients in PTCA series varies widely, from 20% tc 
70%. 

Results of PTCA therapy for unstable angina: 
Even though angioplasty is extensively used tc 
treat unstable angina, the immediate and long- 
term results are not as favorable for this syndrome 
as those expected for chronic stable angina. The 
presumptive explanation is the presence of intrac- 
oronary thrombus with its attendant augmented 
risk of abrupt total occlusion of the instrumented 
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artery after the procedure. In one of several earlier 
publications on the subject, Mabin et al described 
the highest reported abrupt dcclusion rate, 73%, in 
a small series of 15 patients in whom pre-PTCA 
thrombus was angiographically evident. That 
finding was in contrast to ar occlusion rate of only 
8% for 223 patients with no evident clot. Even the 
latter incidence is substant.al, but not altogether 
surprising, for, as has been established, intracoro- 
nary clots are far more common with unstable 
angina than can be distingu:shed angiographically. 
The frequency of clot occurrence with the syn- 
drome has been estimated to approach 100% when 
diagnostic techniques such as angioscopy or bio- 
chemical sampling for clot markers (for example, 
thrombin-antithrombin HI somplexes) are used.” 

The overall risk of PTCA-associated abrupt 
occlusion for patients with unstable angina is 
clearly less than the 73% c:ted above, but equally 
clear is that their risk is s_gnificantly augmented 
compared with the risk for patients with chronic 
stable angina. In a substantial series from the 
Netherlands, Kemp et al’ compared PTCA out- 
come for 334 unstable and £07 stable patients. The 
acute myocardial infarction incidence (presumably 
secondary to abrupt total occlusion) was 9% for the 
unstable angina cohort aad 4% for the stable 
cohort (p <0.01). The angioplasty was initially 
successful for 83% of the unstable patients and for 
87% of the stable patients. 

Even after successful PTCA for unstable an- 
gina, recently published information suggests that 
the long-term restenosis ratz is nevertheless higher 
for such patients. Frid et alf report that the 
6-month restenosis incidenc= among various subcat- 
egories of unstable patients is between 40% and 
60%, compared with a 20-30% rate for stable 
patients. 

Ancillary therapy: Uncerstanding that a pre- 
PTCA intraluminal clot has a negative impact on 
outcome has predictably led to the testing of 
strategies using preangioplasty heparin, plasmino- 
gen activators, and other hematologically active 
agents. (Virtually all PTCA candidates, stable and 
unstable, routinely receive aspirin for preproce- 
dure platelet inhibition.) 

Several groups of investigators have evaluated 
the protective value of a course of intravenous 
heparin before PTCA (Table I). Laskey et al’ 
reported a high success rate, 91%, and no abrupt 
closures among patients acministered heparin be- 
fore undergoing PTCA for unstable angina. For 
patients who were not pretreated, the success rate 
was 81%, with 2% abrupt closure. Similar advan- 





TABLE | Effect of Heparin on Percutaneous Transluminal 
Coronary Angioplasty for Unstable Angina 


Investigators No. Initial Success Abrupt Closure 


Pow!! 

Heparin 

No Heparin 
Laskey et al? 

Heparin 

No Heparin 
Hettleman et al!° 

Heparin 

No Heparin 


tages of a preangioplasty course of heparin antico- 
agulation therapy have been reported by Hettle- 
man et al,” Pow,” and others. The association of 
clot with unstable angina leads to another logical 
therapeutic intervention, the use of plasminogen 
activators. Reports of small trials of lytic therapy 
have been appearing periodically, including several 
in which these agents were evaluated as adjuncts to 
or in preparation for angioplasty. Topol et al” 
reported on the course of a small number of 
patients (n=40) randomly assigned to receive tis- 
sue plasminogen activator or placebo after hospital 
admission for unstable angina. A favorable trend 
toward reduced culprit-vessel stenosis and an un- 
complicated PTCA procedure was observed for the 
tissue plasminogen group, but the small sample 
size of the study precludes a definite endorsement. 

More experience has accrued using systemic 
fibrinolytics, including 3 very recent preliminary 
reports on urokinase therapy and angioplasty for 
unstable angina.” All 3 studies reported im- 
proved PTCA outcome when a lytic drug was 
administered first. 

Timing strategies: If patients undergo PTCA 
without delay—i.e., soon after admission for unsta- 
ble angina—the procedure can be performed with 
respectable success and complication rates, partic- 
ularly under “cover” of aspirin and heparin. More- 
over, an interim period, during which patients 
receive antiplatelet, anticoagulant, and possible 
lytic therapy, apparently facilitates PTCA out- 
come. The periods selected, particularly for contin- 
uous intravenous heparin infusion before PTCA, 
range from 1 day to 1 week.” It is not at all clear, 
on the basis of published studies, that longer 
waiting periods and anticoagulation treatment in- 
tervals (for example, a week) are superior to 
briefer periods (1-4 days). 

Current recommendations: The literature ap- 
pears currently to support initially managing unsta- 
ble angina with multiple pharmaceuticals, relying 
on nitrates, aspirin, heparin, and possibly calcium 
antagonists. It is not clear whether angiography, 
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and possibly PTCA, is best put off for only 1-2 days 
of medical therapy or for a week. Apparently, 
however—analogous to observations of patients 
receiving th-ombolytics for acute infarction—the 
longer hemetologically active drugs are adminis- 
tered, the smaller will be the fraction of patients 
with a residual high-grade stenosis who will, pre- 
sumably, require angioplasty. 

Data per ding: Many of the unanswered ques- 
tions specifically regarding the use of plasminogen 
activators ard PTCA to treat unstable angina are 
currently under intensive investigation. The Throm- 
bolysis in Myocardial Infarction (TIMI) study 
group, sponsored by the National Heart, Lung, and 
Blood Institute, is approaching the completion and 
promulgation point in a series of studies related to 
managing unstable angina. In TIMI-IIIA, angio- 
graphic and clinical end points will be compared 
between pat.ents who receive tissue plasminogen 
activator and those who receive placebo after an 
initial quant-fying coronary angiogram. In TIMI- 
IIIB, the clinical outcomes of patients who ran- 
domly recetve the plasminogen activator or its 
placebo will be compared. In addition, patients 
randomly assigned to an aggressive treatment 
plan—i.e., early angiography-guided treatment 
(with extens.ve use of PTCA or coronary artery 
bypass graftmg)—will be compared with subjects 
following a conservative plan, in which interven- 
tions will be undertaken only if thresholds for early 
recurrent iscnemia are exceeded. 

In conclusion, the role of PTCA in the manage- 
ment of unstable angina is currently highly visible 
and PTCA appears to produce a generally favor- 
able outcom>. Pharmacologic adjunctive therapy 
may increase its effectiveness, and trials designed 


to define better an optimal overall therapeutic 
strategy are under way. 
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Initial Treatment of Patients with Acute 
Ischemic Heart Disease Hospitalized ina 
Community Hospital 


Robert L. Feldman, mp, Judy Kaizer, BSN, RN, and Mary Standley, Bs, RN 


During the 1980s, tremendous advances oc- 
curred in understanding the pathophysiology of 
ischemic heart disease. Numerous clinical trials 
were performed to help clinicians formulate 
treatment plans and diagnostic schemes to care 
for patients with coronary artery disease. To see 
how these studies affect the evaluation and 
treatment of patients with acute coronary syn- 
dromes today, we reviewed the hospital records 
of patients admitted to our community hospital 
during September 1990. We found that such pa- 
tients generally have a good short-term progno- 
sis. Most can be stabilized using modern medical 
means, and in-hospital mortality is low. An- 
tithrombotic and antianginal therapies are used 
liberally. Thrombolytic therapy is administered 
commonly, even to elderly patients. invasive and 
noninvasive diagnostic testing procedures are 
both used frequently, and most acute myocardial 
infarction and unstable ang.na patients undergo 
revascularization. 

(Am J Carciol 1991;68:61C—66C) 
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r | Jhe 1980s brought tremendous advances in 
our understanding of the pathophysiology 
of acute ischemic heart disease syndromes 

and of the role of coronary vasomotion, acute 
changes in the atherosclerotic plaque, thrombus 
and platelet activation, and arachidonic acid metab- 
olites in patients with acute ischemic syndromes. 
Numerous clinical trials, performed mostly at large 
university-affiliated medical centers, have applied 
this knowledge of precipitating factors and patho- 
physiology to patient treatment and have better 
defined the uses of coronary revascularization and 
antithrombotic and antiischemic therapy. 

How the knowledge of etiology and treatment 
has translated to the care of patients with definite 
or suspected acute ischemic heart disease admitted 
as emergency cases to a community hospital is 
unclear, however. Thus, we reviewed the treat- 
ment, evaluation, and disposition of patients with 
diagnoses of acute myocardial infarction, unstable 
angina, and chest pain of unclear etiology who 
were admitted to our hospital during a recent 
1-month period. 


METHODS 

Patient selection: Charts of all patients admit- 
ted to our medical center during September 1990 
were evaluated. The medical center is a 293-bed, 
not-for-profit, community hospital with 28 inten- 
sive care and 56 additional monitored step-down 
unit beds. The emergency room is very active. 
Patient treatment was directed by the admitting 
physician. If the primary physician was an internist 
or a family physician, a cardiologist was consulted 
for patients admitted to a critical care unit. The 
charts of patients with an admission diagnosis of 
known or suspected acute ischemic heart disease 
syndromes—e.g., acute myocardial infarction, un- 
stable angina, chest pain, and sudden death—were 
retrospectively reviewed. (The charts of patients 
who died suddenly but did not have an acute 
infarction were not included in the study.) 
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TABLE I Acu® Coronary Syndromes, Patients Admitted 
September 1°90 


Tota! 
No. of Pts. 


Direct 


Diaguosis Admission Transfers 


Acute myocarcal infarction 
Unstable angira 
Chest pain of unclear etiology 


Total 


Differentiating between unstable angina and 
chest pain ss subjective, but, in general, patients 
with histories clearly typical of ischemic chest pain, 
with known coronary disease, or with reversible 
electrocardingraphic changes during chest pain, 
were usually diagnosed as having unstable angina. 
Patients with less typical symptoms and normal 
electrocardidgrams but with suspected ischemic 
heart disease requiring hospitalization were usu- 
ally diagnosed as having chest pain of unclear 
etiology. Wken it was clear, the admission diagno- 
sis of the attending physician was used; if the 
diagnosis was in question, the opinion of the 
consulting cardiologist was used. Patients with 
coronary artery disease who were admitted for 
elective ca“heterization, aortocoronary bypass 
(ACB) surgery, or percutaneous transluminal coro- 
nary angiop asty (PTCA) were excluded, as were 
patients witi valvular heart disease or congestive 
heart failure without acute infarction or unstable 
angina. 

The patients’ charts were reviewed for the 
following: aze, gender, admission and discharge 
diagnoses, medical regimens before and during 
hospitalization, diagnostic testing performed, and 
whether the patient had undergone PTCA or ACB 
surgery. Diaznostic testing included combined 2-di- 
mensional echocardiography and color-flow Dop- 
pler, thallium exercise stress testing (stress testing 
without perfusion imaging is rarely used), and 
diagnostic catheterization. Finally, the patients’ 
hospital outcome and disposition were evaluated. 

In all, 142 patients with acute coronary syn- 
dromes were admitted to the medical center (Ta- 
ble I). Most Jatients (85%) were directly admitted, 
and a minority (15%) were transferred from hospi- 
tals in neighboring counties for diagnostic catheter- 
ization and ossible revascularization. In general, 
transferred patients were more likely to have had 
an acute myocardial infarction or complicated 
unstable angina and least likely to have chest pain 
of unclear =tiology. More patients with acute 
infarction or unstable angina were men, whereas 
more womer. were admitted with chest pains (Ta- 





TABLE Ii Patient Demographics 


Total Age (yrs) 
Diagnosis No. of Pts. Male/Female (Mean + SD) 
Acute myocardial infarction 25 15/10 60 +11 
Unstable angina 81 49/32 57 +13 
Chest pain of unclear etiology 36 15/21 64+ 12 
Total 142 79/63 


SD = standard deviation. 


ble IT). Patients tended to be elderly, but ages were 
similar for the 3 diagnostic categories. 


RESULTS 

For evaluation purposes, medical treatment was 
divided into antithrombotic and antianginal catego- 
ries. Patients referred from other hospitals were, 
obviously, selected and consistently treated with 
more medications. Thus, to assess usual drug 
treatment, only the regimens of the 121 directly 
admitted patients were considered. 

Thrombolytic therapy (Table III), exclusively 
tissue plasminogen activator, was used for 6 pa- 
tients, including 33% of those with acute myocar- 
dial infarction. One unstable angina patient with 
transient anterior ST-segment elevation during 
angina that was refractory to antianginal treatment 
was given lytic therapy; enzymes never increased 
and the ST segments returned to baseline. The age 
range of the patients receiving thrombolytic ther- 
apy was 41-73 years. Heparin—usually in full 
anticoagulant doses to raise the activated partial 
thromboplastin time (aPTT) to twice normal—was 
given to most infarction patients, to the “sickest” 
unstable angina patients, and occasionally to pa- 
tients with chest pain. Aspirin was given to all 
infarction patients, to most unstable angina pa- 
tients, and to a minority of patients with chest pain. 
More than half of the patients for whom aspirin 
was prescribed were already taking it when they 
were admitted. No minor or major episodes of 
bleeding occurred in any patients. 

Nitrates (Table IV) remain a cornerstone of 
treatment. Two thirds of the acute infarction pa- 
tients and one-third of the unstable angina patients 
were administered intravenous nitroglycerin. Nearly 
all infarction patients and 65% of those with 
unstable angina were given long-acting nitrates. 
Intravenous nitroglycerin was infrequently used for 
patients with chest pain, but long-acting nitrates 
were given to 57%. Many patients in all groups 
(42%) were taking nitrates before hospital admis- 
sion. 

The B blockers used (Table V) are grouped 
together because, in our opinion, they were similar, 
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TABLE Iii Antithrombotic Therapy, Direct-Admission Patients 


Total 


Diagnosis No. of Pts. Lytic 


Acute myocardial infarction 
Unstable angina 
Chest pain of unclear etiology 


Total 


since none with intrinsic sym_pathomimetic activity 
was prescribed. These drugs were prescribed for 
27% of patients with acute myocardial infarction 
and for 52% of patients with unstable angina; they 
were only infrequently prescribed for patients with 
chest pain of unclear etiology. 

The calcium antagonists (Table VI) are listed 
separately because of their different intrinsic prop- 
erties. Only one calcium an-agonist was used at a 
time for any patient. Occasionally, one agent was 
changed for another. Many of the patients were 
taking a calcium antagonist when admitted or one 
was added during admission. Diltiazem and nife- 
dipine were most commonly (and almost equally) 
used, with a small minority of patients prescribed 
verapamil and only 2 taking nicardipine. Often, the 
sustained-release preparations were used, espe- 
cially as discharge prescriptions. Most patients 
with acute infarction (87%) or unstable angina 
(77%) either were taking a calcium antagonist on 
admission or one was added; thus, these were the 
most popular antianginal medications. Patients 
with chest pain of uncleer etiology were also 
frequently treated with a calcium antagonist (71%). 

Combination therapy (Table VII) was often 
used, particularly for patier.ts with acute myocar- 
dial infarction or unstable engina. The most com- 
monly prescribed combination was either a calcium 
antagonist plus a B blocker or a calcium antagonist 
plus nitrates. Occasionally a_13 types of antianginal 
drugs were used together. 

Ultrasound examination (Table VIII) was per- 
formed for 72% of the patients with acute myocar- 
dial infarction, for 47% of tie patients with unsta- 
ble angina, and for 36% of zhe patients with chest 


TABLE IV Nitrate Therapy, Direct Admission Patients 
Long-Acting Nitrates 


Total 
No. of Pts. 


Intravenous 


Diagnosis Pri New Total Nitroglycerin 


Acute myocardial 15 & 
infarction 

Unstable angina 71 30 

Chest pain of unclear 35 13 
etiology 


Total 121 SL 


intravenous 








Heparin Aspirin 


Subcutaneous Total 


pain. Thallium stress testing (Table [X) was used 
for approximately one fourth of patients with 
infarction and for about half of the patients with 
unstable angina or chest pain. 

Most patients with infarction (72%) or unstable 
angina (79%) and about one third of those with 
chest pain underwent diagnostic catheterization 
(Tables X and XI). Acute myocardial infarction 
patients who received thrombolytic therapy were 
all advised by their admitting physician to undergo 
catheterization (1 declined), and catheterization 
was performed electively for the remaining pa- 
tients 3-5 days after admission. Two infarction 
patients had emergency catheterization: One had 
waxing and waning angina for more than 12 hours 
and the other was in cardiogenic shock. Some 
patients who were not catheterized had had previ- 
ous catheterization studies. 

As expected, the finding of no severe (>50% 
diameter reduction) coronary artery disease was 
more common among patients with chest pain 
(38%) than among patients with unstable angina 
(22%) or acute myocardial infarction (6%). Single- 
vessel disease was found in 44% of infarction 
patients, in 22% of unstable angina patienis, and in 
24% of patients with chest pain, whereas multives- 
sel disease was found in 50%, 56%, and 38%, 
respectively. Prior ACB surgery had been per- 
formed in 24% of the patients. 

Revascularization was frequently applied as def- 
inite therapy (Table XII). Of patients with acute 
myocardial infarction, 56% (14) underwent PTCA 
(7) or ACB (7) before discharge; 9 patients were 
discharged on a regimen of medications alone. In 
the unstable angina group, revascularization was 
applied for 59%, with most (78%) of these patients 


TABLE V Beta-Blocker Therapy, Direct Admission Pazients 
8 Blocker 


Total 


Diagnosis No. of Pts. Prior New Total 


Acute myccardial infarction 
Unstable angina 
Chest pair. of unclear etiology 


Tota! 
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TABLE VI Calcium Antagonist Therapy, Direct-Admission Patients 


Diltiazem 
Total 
Diagt osis No.of Pts. Prior New Total 
Acute myocard-al infarction 15 2 2 4 
Unstable angira 71 18 10 28 
Chest pain of unclear etiology 35 7 10 17 
Total 121 27 22 49 


TABLE VII Conbination Therapy, Direct Admission Patients 


Calcium 
Total Antagonist 
Diagnosis No. of Pts. plus B Blocker 
Acute myocardial infarction 15 2 
Unstable angina 71 24 
Chest pain of inclear etiology 35 1 
Total 121 27 


receiving PTCA; and 33 patients (41%) were 
prescribed medications alone when discharged. Of 
the patients with an initial diagnosis of chest pain 
of unclear eziology, the vast majority (94%) were 
discharged on a regimen of antianginal medica- 
tions of some type, and only 2 (6%) had revascular- 
ization, both treated with PTCA. 

Of patients who were revascularized, 73% under- 
went PTCA and 27% had ACB surgery. PTCA was 
frequently a>plied to both multiple-vessel (53%) 
and single-vessel disease (47%) (Table XIII), and 
it was successful (final result <50%, no acute 
myocardial infarction, bypass surgery, or recurrent 
in-hospital angina) for all these patients. All bypass 
patients had multivessel disease. Left ventricular 
ejection fraction was reduced in many patients who 
underwent either PTCA (46+13%) or ACB 


TABLE Vili. Pa ients, Direct Admissions and Transfers, Who 
Underwent Eckocardiographic and Doppler Ultrasound Testing 


Total 
No. of Pts. 





Diagr osis Tested % 






Acute myocardal infarction 
Unstable angina 
Chest pain of unclear etiology 


Total 


TABLE IX Patients, Direct Admissions and Transfers, Who 
Underwent Tha lium Stress Testing 


Total 
No. of Pts. 






38 
13 


47 
36 








Diagrosis Tested % 






Acute myocardal infarction 
Unstable angina 
Chest pain of umclear etiology 


Total 






81 
36 






18 50 






Nicarcipine Nifedipine Verapamil 
Prior New Total Prior New Total Prior New Total 
1 0 l 5 2 7 0 l 1 
0 1 l 14 10 24 2 0 2 
0 0 0 4 3 7 1 0 1 
1 l o2 23 15 38 3 l 4 

Nitroglycerin 
Nitroglycerin plus Calcium Single 
plus B Blocker Antagonist All3 Agent None 
2 10 0 l 0 
2 28 11 5 1 
1 8 0 18 7 
5 46 11 24 8 


(44+12%). PTCA was applied as an emergency 
measure for 1 patient with an evolving acute 
myocardial infarction who had waxing and waning 
angina for more than 12 hours before admission. 
ACB surgery was performed urgently (4 days after 
admission) for another patient who was in cardio- 
genic shock with an evolving inferior-posterior 
infarction. Emergency catheterization showed mul- 
tivessel disease, an open infarct-related dominant 
circumflex artery, and an occluded anterior de- 
scending artery. Inserting an intraaortic balloon 
pump stabilized the patient until bypass surgery 
was performed. 

The in-hospital prognosis was generally good 
(Table XII). Only 3 patients died. One was a 
67-year-old woman with acute myocardial infarc- 
tion complicated by reinfarction, heart failure, and 
recurrent ventricular tachycardia. She had inopera- 
ble, undilatable disease and poor ventricular func- 
tion. The second was an 84-year-old woman with 
an anterior infarction who died from pump failure; 
she had not been catheterized. The third patient 
was a 73-year-old woman with unstable angina 
refractory to medical therapy; angiography showed 
right coronary occlusion and severe proximal ante- 
rior descending stenosis adjacent to the left main 


TABLE X Direct-Admission and Transfer Patients Who 
Underwent Diagnostic Catheterization 


Total 


Diagnosis No. of Pts. Tested Yo 


Acute myocardial infarction 
Unstable angina 
Chest pain of unclear etiology 


Total 
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TABLE XI Coronary Angiographic Findings: Number of Vessels 
with > 50% Diameter Stenosis, Al! Patients 


Prior 
Aortocoronary 


Vassel Disease 
No. of Pts. 
Catheterized 0 1 


8 5 


Diagnosis 


Acute myocardial 18 1 
infarction 

Unstable angina 64 

Chest pain of unclear 13 
etiology 


14 14 24 12 
5 3 4 1 





artery. She had bypass surgery, but died postopera- 
tively. Thus, hospital mortality was 8% for acute 
myocardial infarction, 1% for unstable angina, and 
0% for chest pain patients. 


DISCUSSION 

Today, patients admitted to the hospital with 
known or suspected acute ischemic heart disease 
have a generally good short-term prognosis. The 
knowledge gained from basic research and clinical 
trials is applied in practice, and almost all patients 
can be stabilized. Both antithrombotic and antiangi- 
nal therapies are used liberally. Prudent but fre- 
quent use of both noninvasive and invasive diagnos- 
tic testing leads to revascularization for the majority 
of patients with acute myocardial infarction and 
unstable angina. 

Our medical center is located in a retirement 
area and most of our patients are elderly, usually 
>65 years of age. Nevertheless, in-hospital mortal- 
ity was low (8% acute myocardial infarction, 1% 
unstable angina, and 0% chest pain). (All patients 
who died were women, aged 67, 73, and 84 years.) 
We attribute this low mortality to aggressive medi- 
cal treatment to initially stabilize the patient, 
frequent use of revascularization, and a low proce- 
dural complication rate. 

PTCA was more commonly used than ACB (2.8 
to 1). None of the patientis referred for bypass 
surgery could be completely revascularized with 
PTCA and all had multivessel disease. Left ventric- 
ular ejection fraction was reduced in both groups. 


TABLE XII Revascularization Versus Medical Therapy, All Patients 


Total 


Diagnosis No. of Pts. 


Acute myocardial infarction 
Unstable angina 
Chest pain of unclear etiology 


Total 


Catheterization 





All patients with single-vessel disease who were 
referred for revascularization had PTCA. 

Medical therapy stabilized almost all patients 
and was the definitive therapy for many. No patient 
was discharged with continuing in-hospital isch- 
emic chest pain. Therapy designed to dissolve, 
diminish, or prevent thrombosis was administered 
to almost all infarction and unstable angina pa- 
tients, and to chest pain patients when suspicion of 
ischemic heart disease was highest. Thrombolytic 
therapy was used for one third of the direct- 
admission patients with acute myocardial infarc- 
tion. Of the 10 direct-admission infarction patients 
who did not receive thrombolytic therapv, only 1 
met the generally established criteria for lytic 
therapy; 7 did not show significant ST-segment 
elevation on their admission electrocardiogram, 
and each developed a non-Q-wave infarction. Two 
patients did have significant ST-segment elevation 
but presented more than 6 hours after the onset of 
symptoms: 1 patient whose waxing and waning 
angina was ongoing despite intravenous nitroglyc- 
erin therapy received emergency direct PTCA; the 
other was managed conservatively. The last acute 
myocardial infarction patient was in cardiogenic 
shock and had waxing and waning angina with 
variable but extensive ST elevation; thrombolytic 
therapy was considered but emergency catheteriza- 
tion stabilized the patient with an intraaortic bal- 
loon pump support. ACB surgery was performed 
for multivessel disease. Thus, in 1990, thrombolytic 
therapy was administered liberally even to elderly 
patients. 

Full-dose heparin anticoagulation therapy was 
administered to most acute myocardial patients 
and to many unstable angina patients. Low-dose 
heparin was used in most other patients who were 
on bed rest. During hospitalization and at dis- 
charge, all infarction patients and 86% of unstable 
angina patients were prescribed aspirin; usually 
enteric coated, 325 mg/day. Thrombolytic therapy 
prevented an acute myocardial infarction in an 
unstable angina patient who had recurrent angina 


Cathetenzation 
plus Medical 
Therapy/ Medical 
Therapy Only 


Percutaneous 
Trans uminal 
Coronary 
Angioplasty 


Aortocoronary 
Bypass 


*2 acute infarction patients and 1 unstable angina patient died. 
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TABLE XIII Revascularization and Percutaneous Transluminal 
Coronary Angisplasty, All Patients 


No. Vessels 
Revascularized 
Total 


Diagrosis No. of Pts. 


Acute myocard®! infarction 
Unstable angina 
Chest pain of urclear etiology 


Total 


and ST-segment elevation despite heparin, aspirin, 
and intravenous nitroglycerin therapy. No bleeding 
complicatiors occurred in any patient who re- 
ceived thrombolytic therapy, heparin, or aspirin. 
Of antiangiral medications, the calcium antago- 
nists were used most frequently and the percentage 
of patients treated was surprisingly high (77%). 
Long-acting nitrates (66%) and B blockers (36%) 
were commcnly used as well. Despite the numer- 
ous studies documenting the cardioprotective ef- 
fects of the £ blockers, their use for acute myocar- 
dial infarcticn and unstable angina was relatively 
low (26% and 52%, respectively). 

When discharged from the hospital, only 7 
patients who were not revascularized—all of whom 
had been admitted with chest pain of unclear 
etiology—were not on a regimen of antianginal 
medication. 5everal patients with no severe coro- 
nary disease and negative ergonovine stimulation 
tests at catheterization, and other patients with 
negative thal ium stress tests, were discharged on a 
regimen of antianginal medication—perhaps coro- 
nary spasm cr the syndrome of angina and normal 
epicardial cozonary arteries (so-called microvascu- 
lar angina) were still suspected. Most patients who 
were continved on medical therapy alone were 
prescribed combinations of antianginal medica- 
tions. For those who had undergone PTCA or 
bypass surgery, medication dosages were usually 
decreased but only occasionally discontinued be- 
fore discharge. The results of several cooperative 





trials suggest that patients with acute myocardial 
infarction who receive thrombolytic therapy can 
often be managed conservatively. Four of the 5 
direct-admission infarction patients in our study 
who received thrombolytic therapy underwent diag- 
nostic catheterizations; the fifth was advised to, but 
refused. Of the 5 patients (4 infarction, 1 unstable 
angina) who received thrombolytic therapy and 
were catheterized, 3 had PTCA, 1 underwent ACB 
surgery before discharge, and 1 who had only 
moderate coronary stenoses was treated medically. 

These data suggest that physicians have learned 
from the major studies of the 1980s, but do not 
apply the results of all cooperative trials blindly. 
Antithrombotic therapy is used very commonly in 
combination with aggressive antianginal therapy, 
and even elderly patients are often safely treated 
ageressively. Usually, several medications in each 
category are used simultaneously. Most patients 
with acute ischemic heart disease can be stabilized. 
Although it is not usual in our practice to go 
straight from the emergency room to the catheter- 
ization laboratory, emergency catheterization was 
an important measure for selected—often the 
sickest—patients. Noninvasive diagnostic testing 
and elective catheterization can indicate which 
patients are most likely to benefit from PTCA or 
ACB. Revascularization continues to be an impor- 
tant adjunct to medical therapy for most patients. 
The majority of patients admitted with acute myo- 
cardial infarction or unstable angina underwent 
diagnostic catheterization and revascularization 
during their hospitalization, whereas most patients 
with chest pain did not. 

These data reflect our practice at a community 
hospital. They do not necessarily reflect the prac- 
tice at all hospitals, particularly those choosing to 
be more conservative. It would be interesting to 
compare similar data from both urban and rural, 
university, medical school, and private practices, as 
well as from both aggressive and conservative 
practices. 
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Goais of Thrombolytic Therapy 


Neal S. Kleiman, MD 


in the past decade, mortality associated with 
acute myocardial infarction has been reduced to 
between 5% and 9% in selected groups of pa- 
tients, largely due to use of early reperfusion. 
Thrombolytics combined with aggressive mechan- 
ical revascularization reduce the likelihood of 
death both during hospitalization and in the ensu- 
ing several years. Overall morbidity is also less- 
ened, although salvage of patients with severe 
left ventricular dysfunction may make this diffi- 
cult to demonstrate. Foremost among issues re- 
maining unresolved is the r2lationship between 
patency of the infarct vessel and survival. Sur- 
vival associated with reperfusion is limited prima- 
rily to patients with successful reperfusion. Myo- 
cardial salvage is more likely in these patients, 
but the correlation betweer myocardial salvage 
and mortality reduction is rot determined. Late 
spontaneous reperfusion occurs in > 50% of pa- 
tients who do not receive a thrombolytic; survival 
seems to be greater when vessels undergo spon- 
taneous reperfusion. Only a minority of patients 
can be treated within the first hour after chest 
pain onset. It is not clear that the time window in 
which early reperfusion caan be accomplished al- 
lows benefit to be clinically evident. Resources 
need to be directed toward agents to augment 
the rate of lysis and toward improvement of deliv- 
ery. Mortality is highest in the first 24 hours after 
thrombolytic administration. Understanding of 
the underlying mechanisms may promote further 
reductions in mortality. Intravenous thrombolytic 
therapy can be given on average 2—3 hours after 
pain onset. if the myocardial salvage versus time 
curve is steepest immediazely after occlusion, 
early administration of thrembolytics, such as by 
paramedics in the field, may be indicated. Great- 
est time savings are related not to transport, but 
to evaluation in the emergency room. Application 
of rapid, sensitive assays to patient selection 
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may extend thrombolytic therapy to a broader 
group with acute myocardial infarction. 
(Am J Cardiol 1991;68:67C~—71C) 


in the management of acute myocardial 

infarction (MI) with mortality reductions 
between 5% and 9% in selected groups of pa- 
tients." Although this trend is probably multifacto- 
rial in nature, it is in large part due to the rapidly 
increasing use of early reperfusion strategies.* The 
use of thrombolytic agents combined with an aggres- 
sive mechanical revascularization strategy in pa- 
tients with recurrent ischemia and threatened rein- 
farction has unequivocally reduced the likelihood 
of death during hospitalization and during the 
ensuing several years.'*""' In addition, several stud- 
ies suggest that the overall morbidity associated 
with acute MI is also lessened,” although salvage 
of patients with severe left ventricular (LV) dysfunc- 
tion may make the latter proposition difficult to 
demonstrate.” 


" “the past decade has seen tremendous changes 


ESTABLISHING VESSEL PATENCY 

Several issues still remain to be resolved, how- 
ever. Foremost is the relationship between patency 
of the infarct vessel and survival. From the earliest 
use of lytic therapy, survival benefits were limited 
primarily to those patients with successful reperfu- 
sion.’ * These patients were also more likely to 
have myocardial salvage, manifested by greater 
preservation of ejection fraction, regional wall 
motion, and end-systolic volume, °’*' and smaller 
areas of myocardial scarring measured by radionu- 
clide scintigraphy.” However, how closely the de- 
gree of myocardial salvage correlates with the 
extent of mortality reduction is not known. Late 
spontaneous reperfusion occurs in >50% of pa- 
tients who do not receive a thrombolytic drug.” 
Even data amassed during the period when pa- 
tients were rarely, if ever, treated with a reperfu- 
sion strategy have demonstrated that survival was 
better in patients who experienced spontaneous 


A SYMPOSIUM: MECHANISMS OF UNSTABLE ANGINA 670C 


reperfusion of infarct vessels compared with those 
who did not have spontaneous reperfusion.” 

The lack >f definitive proof of the mechanism 
through which thrombolytic therapy improves the 
outcome in patients with myocardial infarction has 
led to several hypotheses. The most tenable is 
derived from the classic animal experiments of 
Reimer et al ” who demonstrated that necrosis of 
significant portions of myocardium can be pre- 
vented by rabid reperfusion of an occluded coro- 
nary artery. However, timing of the onset of vascu- 
lar occlusion and of reperfusion with restoration of 
adequate amtegrade flow is considerably more 
difficult in human beings. Except for the first 
Gruppo Italiano per lo Studio della Streptochinasi 
nell’Infarto Miocardico (GISSI) study,’ most clini- 
cal trials havz shown a less dramatic relationship 
between the time of administration of thrombolytic 
therapy and -eduction of mortality than might be 
predicted fron the animal data.*’ 

Although some of this discrepancy may be due 
to the difficulty of timing the onset of infarction, 
examination 3f the relation between salvage and 
time of reper-usion offers another potential expla- 
nation. This curve is apparently steepest during the 
first 45 minutes after occlusion,” with the slope 
becoming considerably more shallow during the 
ensuing few hours. Studies of patients presenting 
in emergency rooms show that only a minority of 
those with chest pain can be treated within the first 
hour after the onset of symptoms.” Therefore, 
although con-mon sense indicates that the earlier 
an infarct vessel is opened, the more the patient 
benefits, on a practical level it is not clear whether 
reperfusion can be accomplished within such a 
window of time and thus allow this benefit to be 
clinically visitle. 

Whether this is true has great impact on the way 
expenditures for direct health care and health care 
research are directed. Several other mechanisms 
have been proposed as instrumental in mortality 
reduction, including electrical stabilization, limita- 
tion of expansion of the infarct zone, and provision 
of collateral slow in patients with multivessel dis- 
ease.” These mechanisms are less dependent on 
time than is the case with myocardial salvage. 
Analyses of subgroups of patients in various trials 
show that infarct vessel patency is a predictor of 
survival independent of ejection fraction.” How- 
ever, although ejection fraction is the most conve- 
niently measured index of ventricular function, it is 
a crude meesure of myocardial preservation.” 
Thus, it is impossible to separate clearly between 
the effects of vascular patency and of myocardial 


salvage for each of the mechanisms proposed. 
Obviously, research is needed to identify methods 
to prevent reocclusion once patency is estab- 
lished.” However, hastening the onset of lysis is 
another matter. If, for example, clinical outcome is 
significantly improved by a modest increase in the 
speed with which reperfusion occurs after adminis- 
tration of a thrombolytic agent, then efforts need to 
be directed toward the development of new throm- 
bolytic agents and adjunctive agents designed to 
augment the rate of lysis. If, on the other hand, 
clinical outcome is not significantly improved by a 
moderate increase in the rapidity of lysis, then 
resources need to be directed toward the develop- 
ment of improved delivery networks and the inves- 
tigation of adjunctive agents (e.g., vasodilators) for 
use in the postlytic phase. 

To date, however, no study has shown that 
long-term survival is greater among patients in 
whom sustained reperfusion occurs earlier. Rather 
than using the familiar patent versus occluded 
survival curves, a “family” of curves is needed, 
each relating survival to reperfusion at a different 
point in time. The Netherlands Interuniversity 
Trial graphically illustrates this point. Long-term 
follow-up showed that survival in patients whose 
artery was patent at the time of the initial angio- 
gram exceeded that of patients in whom patency 
was achieved with intracoronary streptokinase, 
which, in turn, exceeded that of patients with 
persistent occlusion.” However, information from 
this trial may not tell the whole story, since data 
were accumulated during a period when reperfu- 
sion practices were changing rapidly (i.e., the 
adoption of intravenous administration) and do 
not allow for separation of patients with very early 
spontaneous reperfusion. 

This sort of uncertainty surrounds interpreta- 
tion of data from the recently completed large 
comparative studies of streptokinase and recombi- 
nant tissue-type plasminogen activator (rt-PA).”” 
Previous studies had shown that early patency rates 
were greater with second generation or fibrin- 
specific agents, *” but that rates were likely to 
equilibrate within the next several hours.” It had 
been hoped that in addition to providing a product- 
to-product comparison, these trials would answer 
the critical theoretical question and provide infor- 
mation that would be useful during testing of 
future regimens. However, interpretation of these 
trials has been somewhat complicated by recent 
data indicating that patency rates following the 
administration of rt-PA, and possibly of streptoki- 
nase, are lower than predicted if full-dose intrave- 
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nous heparin is not used.” Early reperfusion and 
patency rates were based on data accumulated in 
patients who received intravenous heparin, whereas 
the mortality data were accumulated in patients 
who also had been randomized to receive either 
subcutaneous or no heparin. Thus, what is re- 
quired to answer this question is a trial large 
enough to examine the mortality issue, in which 
early coronary angiography is performed in at least 
a representative sample. Then correlations can be 
made between early reperfusion rates and clinical 
outcomes in large population groups. Several trials 
currently underway are attempting to answer this 
question. 

Another critical issue to be resolved is the 
tremendous concentration of mortality that occurs 
during the first 24 hours after thrombolytic therapy 
is administered. Mortality during the prethrom- 
bolytic era was highest during this period and data 
from several large clinical trials indicate that nearly 
half the hospital deaths continue to occur during 
this time frame.“ In fact, analysis of data from 
the GISSI study,” and a smaller study” indicate 
that the benefits of thrombolytic therapy are not 
seen during the first 24 hours. Since mortality 
appears to be concentrated during the first day 
after thrombolytic therapy, understanding of the 
mechanisms responsible might be helpful in achiev- 
ing a further reduction in mortality. Although data 
gathered during the prethrombolytic era from a 
relatively low-risk population suggest that myocar- 
dial rupture was responsible for a large proportion 
of early deaths,” the majority of early deaths 
following thrombolysis appear to be due to pump 
failure.” Most of these deaths occur in patients 
who have signs of decompensation at the time they 
present to the hospital.“ Whether these deaths 
result from failure to achieve reperfusion, or fail- 
ure of reperfused myocardium to sustain a cardiac 
output adequate to support life before some recov- 
ery of ventricular function occurs, is not known. 
Experience with primary angioplasty suggests that 
a combination of both factors may be operative. An 
understanding of this mechanism and a means to 
identify patients at risk for early death might help 
in deciding which patients need more aggressive 
mechanical revascularization and access to mechan- 
ical support devices. 


IMPROVING DELIVERY SYSTEMS 

Another critical issue concerns delivery systems 
for thrombolytic agents. A major advance in throm- 
bolysis occurred when it became clear that it was 
not necessary to perform coronary angiography 


before administering the agents. The result: approx- 
imately 90 minutes are saved in initiating treat- 
ment.’® Many recent trials demonstrate that intra- 
venous thrombolytic therapy can be administered 
on the average, 2-3 hours after the onset of pain. 
However, if the myocardial salvage versus time 
curve is steepest during the earliest hours after 
occlusion,” then even earlier administration of 
thrombolytic agents might be indicated. This ap- 
proach, which involves the administration of throm- 
bolytic agents by paramedics in the field, has been 
tried in several cities in the United States and 
Europe, with extremely concordant results. Princi- 
pal among these results is that up to 90 minutes can 
be saved if a 12-lead electrocardiogram (ECG) is 
obtained in the field and lytic therapy is adminis- 
tered to patients with a typical history, no contrain- 
dications, and an injury current on the ECG.” 
Obviously, concerns about safety arise when the 
decision-making responsibility is delegated, but 
preliminary data indicate an extremely high rate of 
agreement between paramedics and monitoring 
physicians. Interestingly, the greatest time savings 
are not related to the transport time itself, but to 
the evaluation time in the emergency room.” This 
is highlighted by the finding that physicians’ percep- 
tion of time required to begin thrombolytic therapy 
in the emergency room underestimates the docu- 
mented time by approximately 60 minutes.“ To 
date, the benefit of administering thrombolytic 
therapy in the field has not been established 
definitively. However, extrapolation of data from 
the GISSI study suggests that if expeditious treat- 
ment could be implemented on a large scale, the 
benefits would probably be enormous. 


REFINING PATIENT SELECTION CRITERIA 

A final critical issue pertains to patient selec- 
tion. The issues discussed so far apply to only a 
minority of patients with acute myocardial infarc- 
tion. In most major trials of thrombolytic therapy 
only 25% to 30% of patients screened were actu- 
ally enrolled. This is particularly true for the trials 
that required specific ECG findings as a require- 
ment for admission. For example, Althouse et al” 
found that 22% of patients presenting in Seattle 
emergency rooms were eligible for thrombolytic 
therapy when a relatively standard set of entry 
criteria (i.e., age <75 years, pain <6 hours, injury 
current on the ECG, and absence of contraindica- 
tions to fibrinolysis) were used. The most common 
reason for exclusion was a nondiagnostic ECG, 
followed by a contraindication to thrombolytic 
therapy and age >75 years.“ In a survey of patients 
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seen in an emergency room in Gothenburg, Swe- 
den, Karlscn et al” found that if patients with 
acute ischemic changes or ST-segment elevation 
on ECG weze included, the percentage of patients 
with eventual confirmation of infarction who were 
treated increased from 37% to 49%; further exten- 
sion to those patients with “pathologic” ECGs 
increased th> proportion treated to 67%. However, 
expanding cziteria for use of thrombolytic therapy 
entails the risk of treating a much larger group of 
patients, many of whom would not have infarction, 
at a time when subgroup analyses of patients from 
2 large Eurcpean trials have failed to show benefit 
in this grour,’” and 2 other large trials designed to 
examine this issue prospectively are not yet com- 
pleted. The use of rapidly available and sensitive 
assays, such as isoforms of the creatine kinase MB 
fraction” and serum myoglobin,” may prove useful 
in extending thrombolytic therapy to a broader 
group of pat ents with acute MI. 
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The Role of Thrombolytic Therapy in Patients 
with Acute Myocardial Infarction Presenting 





Later Than Six Hours After the Onset of 


Symptoms 


Prediman K. Shah, mp 


Thrombolytic therapy clearly reduces mortality in 
patients with acute myocardial infarction, espe- 
cially when initiated within 6 hours of onset of 
symptoms. Some studies have also suggested 
that thrombelytic therapy may improve survival 
even when initiated 6-24 hours after the onset of 
symptoms by mechanisms other than infarct size 
limitation, such as reduced expansion, reduced 
electrical instability, and improved healing of the 
infarct. However, in view of the possibility that 
late thrombclytic therapy may also be associated 
with an increased risk of cardiac rupture, the 
risk—benefit:ratio needs to be more clearly de- 
fined. Ongoing randomized trials are expected to 
clarify the situation in the near future. In the 
meantime, efforts to initiate reperfusion as soon 
after the onset of myocardial infarction as possi- 
ble should centinue, since early treatment is still 
the best treatment. 

(Am J Cardiol 1991;68:72C—77C) 
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icant therapeutic advance in the manage- 

ment of selected patients with acute evolv- 
ing myocardial infarction (MI)." A number of 
placebo-controlled clinical trials have clearly dem- 
onstrated reduced mortality in patients who re- 
ceive thrombolytic therapy within 6 hours of onset 
of symptoms of an acute MI.’ In general, the 
magnitude of mortality reduction appears to be 
inversely related to the time delay between the 
onset of symptoms and initiation of thrombolytic 
therapy, with the greatest reduction being ob- 
served in patients treated within 1 hour of symp- 
tom onset.” 

These findings are consistent with several con- 
cepts. The first is that following coronary occlu- 
sion, myocardial necrosis within the jeopardized 
zone evolves from subendocardium to subepicar- 
dium in a time-dependent course. Completion of 
transmural necrosis in animal models of coronary 
occlusion appears to be around 3-6 hours, with 
inter- and intraspecies variability largely depen- 
dent on variations in the extent of collateral flow. 
The next concept is that reperfusion with thrombo- 
lytic therapy reduces mortality, primarily by salvag- 
ing ischemic myocardium that has not yet under- 
gone irreversible damage. This limits infarct size 
and preserves ventricular function. In keeping 
with these concepts, the Gruppo Italiano per lo 
Studio della Streptochinasi nell’Infarto Mio- 
cardico (GISSI) study, a placebo-controlled ran- 
domized trial of thrombolysis in acute MI, showed 
a gradient for mortality reduction inversely related 
to the delay between the onset of symptoms and 
initiation of thrombolytic therapy.’ In this study, 
mortality reduction was statistically significant in 
patients treated within 6 hours of onset of symp- 
toms, with maximum mortality reduction (47%) 
observed in the subgroup that received thrombo- 
lytic therapy within 1 hour of onset of symptoms. 
Patients receiving treatment 6-12 hours after the 


«Piece therapy has emerged as a signif- 
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onset of symptoms did not have a statistically 
significant reduction in mortality, although the 
sample size in this trial was not sufficient for 
adequate statistical power. 

A meta-analysis of 33 published clinical trials by 
Yusuf et al’ showed that thrombolytic therapy 
initiated 6-24 hours after the onset of symptoms 
was also associated with a significant reduction of 
early mortality. This finding appeared to be at odds 
with the results of the GISSI trial but was further 
supported by the large second International Study 
of Infarct Survival (ISIS-2) study.’ This trial showed 
that patients treated with streptokinase 7—24 hours 
after the onset of symptoms also experienced a 
significant reduction in mortality (22%) relative to 
the control group, although the magnitude of 
mortality reduction was clearly less than that of 
patients treated within 6 hours of onset of symp- 
toms. Unfortunately, the criteria for inclusion in 
the ISIS-2 study were relatively loose, requiring 
simply a clinical suspicion of acute MI regardless of 
electrocardiographic abnormalities. Thus, it 1s not 
clear if all patients receiving treatment late after 
the onset of symptoms did, in fact, have an acute 
Q-wave MI. Some of these patients may have had 
unstable angina, non-Q-wave MI or a stuttering 
pattern of infarct evolution, making it difficult to 
interpret the results of late reperfusion. 

Although experimental and clinical studies have 
generally failed to demonstrate a significant im- 
provement in ventricular function when reperfu- 
sion is initiated later than 3-6 hours after the onset 
of infarction, several lines of evidence suggest that 
thrombolytic therapy may improve survival by addi- 
tional mechanisms not clearly linked to reduction 
in infarct size or preservation of resting left ventric- 
ular function. In the Western Washington Intracor- 
onary Streptokinase Trial, 1-year survival was sub- 
stantially higher in patients with an open artery 
compared with those with a closed artery, despite 
absence of any difference in infarct size or left 
ventricular (LV) ejection fraction (measured at 62 
days in survivors only) between the 2 groups." 
These results could not be explained entirely on 
the basis of exclusion of 18 patients who died 
before LV function or infarct size was determined. 

Other randomized studies have also demon- 
strated that the reduction in mortality with throm- 
bolytic therapy in general is greater than would be 
expected on the basis of only modest or no improve- 
ment in ventricular function.“ This seeming 
paradox—greater mortality reduction relative to 
ventricular function preservation—has further 
raised the possibility that reperfusion may confer 


TABLE I Potential Mechanisms of Mortality Reduction by 
Thrombolytic Therapy 


. Myocardial salvage, infarct size reduction and ventricular function 
preservation 

. Reduced ventricular remodeling, infarct expansion, aneurysm forma- 
tion and rupture 

. Improved infarct healing 

. Reduced vulnerability to ventricular arrhythmias and conduction fail- 

ure 

. Reduced incidence of thromboembolic complications 

. Open artery serves as a source of collaterals? 

. Concurrent revascularizing interventions (bypass surgery)? 





additional benefits for survival that are not clearly 
linked to its effects on resting measurements of 
global LV function.” Although a number of tanta- 
lizing interpretations have been offered to explain 
the survival benefits of arterial patency indepen- 
dent of myocardial salvage and preservation of 
ventricular function, it should be recognized that a 
significant number of patients included in random- 
ized trials of thrombolytic therapy have included 
patients with single- or 2-vessel disease (a relatively 
low-risk group) and those who have undergone 
additional revascularization procedures (angio- 
plasty, bypass surgery) that may have indepen- 
dently contributed to the observed benefits.” Most 
thrombolysis studies have examined only the rela- 
tionship of LV function to mortality; however, right 
ventricular dysfunction further increases mortality 
in patients with severely depressed LV function.” 
Conceivably, changes in right ventricular function 
may account for some of the apparent discrepan- 
cies between LV function and survival. Further- 
more, the interpretation of ventricular function 
measurements in survival studies is complicated by 
the fact that function is frequently measured in 
survivors only (excluding patients who die before 
function assessment), whereas the mortality repre- 
sents the entire study population. Assignment of a 
zero ejection fraction to nonsurvivors may partially 
overcome this problem in statistical interpretation. 


POTENTIAL MECHANISMS OF MORTALITY 
REDUCTION BY LATE REPERFUSION 

Infarct size limitation and function preserva- 
tion due to an extended time course of evolu- 
tion of infarction: The time course of evolution of 
myocardial necrosis may extend beyond the usually 
accepted time limit of 3—6 hours in certain patients 
because of significant collateral flow to the postoc- 
clusion myocardial zone or intermittent coronary 
artery occlusion, with cycles of occlusion and reper- 
fusion allowing the infarction to evolve in a stutter- 
ing fashion (Table I). This intermittent occlusion- 
reperfusion cycle may be present in 20-25% of all 
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patients witan acute MI.” In such patients the time 
window during which thrombolytic therapy may 
salvage myocardium and preserve ventricular func- 
tion, the patative “window of opportunity,” is 
likely to be jonger than the traditional 3-6 hours.” 
Inclusion of these patients in late reperfusion trials 
as well as tre uncertainty in clearly defining the 
exact time >f onset acute MI in many patients 
could, in part, explain the apparent benefits of 
later reperfusion. Furthermore, limitation of in- 
farct size may not always be reflected in an improve- 
ment in reszing global or regional function even 
though func-ional reserve, demonstrable with pro- 
vocative testing, is improved. Experimental obser- 
vations suggest that substantial epicardial preserva- 
tion may exBt without evidence on measurements 
of resting ventricular function. 

Mortality reduction independent of infarct 
size limitation or preservation of ventricular 
function——reduction of ventricular remodelling 
and infarct expansion: After acute MI, progres- 
sive thinning and stretching of the infarct zone 
evolves to localized ventricular expansion, which 
eventually leads to expansion of the noninfarct 
zones as well. This remodeling of the ventricle 
tends to occur most frequently in patients with 
large transmural anterior infarcts involving the 
apex.” Remodeling is related to infarct transmural- 
ity as well as to loading conditions and can occur 
soon after irfarction. It may continue over subse- 
quent weeks. leading to progressive enlargement of 
the ventricle and increase in end-systolic and 
end-diastolic volumes. This ventricular expansion 
may serve as a template for aneurysm formation 
and cardiac rupture and may be an independent 
predictor of mortality among patients with de- 
pressed LV function.” ” Experimental studies and 
a limited number of clinical studies suggest that 
spontaneous or therapeutic reperfusion attenuates 
ventricular remodeling and infarct expansion even 
in the absence of limitation of infarct size or 
obvious imp-ovement in ventricular function.” 
The mechan.sms by which reperfusion attenuates 
remodeling are not understood, but may include 
preservation of an epicardial rim of the jeopar- 
dized zone; acute changes in afterload due to 
favorable hemodynamic and rheologic effects of 
thrombolytic-agents; increased infarct stiffness due 
to contracticn bands, the erectile properties of a 
patent arter” or tissue edema and cellular infil- 
trate; enhanced healing of the reperfused infarct; 
and better preservation of the intercellular matrix, 
providing a better scaffolding for the necrotic 
myocardium. 


Reduction in electrical instability and vulner- 
ability to ventricular arrhythmias: Reperfusion i! 
associated with an increase in the frequency o! 
ventricular arrhythmias in the early phase of acute 
MI, but the frequency and complexity of late 
ventricular arrhythmias appear to be reduced.* 
Several uncontrolled studies show that reperfusior 
has a favorable effect on vulnerability to spontane- 
ous as well as inducible ventricular arrhythmias.“ 
Other studies, however, show no benefit or suggest 
an increased electrical vulnerability.” Kersschot 
et al” evaluated 36 patients and observed a signifi- 
cant reduction in the incidence of inducible sus- 
tained ventricular tachycardia after acute MI in 
patients treated with thrombolytic therapy com- 
pared with a control group (30% vs 70%; p <0.05). 
Similarly, Sager et al” noted a very low incidence 
of inducible ventricular tachycardia in a small 
group of patients receiving thrombolytic therapy 
compared with a high incidence in those not 
receiving thrombolytic therapy (8% vs 88%; 
p=0.0008), despite the presence of a ventricular 
aneurysm and severely depressed LV ejection frac- 
tion in both groups. During an average of 11 
months of follow-up, 4 patients from the group that 
did not receive thrombolysis suffered spontaneous 
ventricular arrhythmias or sudden death; none 
occurred in patients in the thrombolysis group.” 
Gang et al” recently reported a significantly lower 
incidence of positive late potentials, markers of 
vulnerability to inducible ventricular tachycardia, 
in patients with acute MI with a patent coronary 
artery compared with those with a closed culprit 
artery (5% vs 23%; p=0.01). Other investigators 
have reported similar results.“ However, all 
these observations are based on relatively small 
nonrandomized patient cohorts, and the influence 
of other confounding variables such as myocardial 
salvage or improved ventricular function cannot be 
conclusively excluded. In fact, Kersschot et al“ 
reported that the favorable effect of reperfusion on 
spontaneous as well as inducible ventricular ar- 
rhythmias was associated with substantially better 
LV function in the thrombolysis group. 

More recently, Bourke et al” reported the 
results of electrophysiologic studies conducted 6-28 
days after an acute MI in 87 patients who were 
randomized to placebo, aspirin, streptokinase or 
aspirin plus streptokinase as a part of the ISIS-2 
study. Ventricular tachycardia was inducible in 8 of 
46 patients who did not receive streptokinase, 
compared with 0 of 41 patients who received 
streptokinase (p=0.005), despite comparable LV 
ejection fraction in the two groups.” Thus, the 
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favorable effects of reperfusion on electrical insta- 
bility may result from mechanisms in addition to 
myocardial salvage, such as better healing of the 
infarct, better preservation of the architecture and 
topography of the infarct, washout of chemotoxins, 
and preservation of a more balanced and homoge- 
neous autonomic innervation.*” 

Other potential benefits of an open infarct 
artery: It has also been suggested that an open 
artery may serve as a source of collaterals to a 
neighboring artery: if the second artery becomes 
occluded, the open artery may limit myocardial 
damage from a second coronary occlusion. Al- 
though this hypothesis is plausible, no evidence as 
yet directly supports it.” 

Aggressive antithrombotic therapy as well as 
thrombolytic therapy reduces the risk of mural 
thrombosis. Thus, it is expected that thrombolytic 
therapy may reduce any mortality related to sys- 
temic embolic complications irrespective of myocar- 
dial salvage.” 


POTENTIAL RISKS OF LATE THROMBOLYTIC 
THERAPY 

Late thrombolytic therapy may have potentially 
adverse consequences over and above the well 
known bleeding complications associated with 
thrombolytic therapy in general. One concern is 
the real possibility that if lytic and aggressive 
antithrombotic therapy is initiated after transmu- 
ral necrosis is complete, the risk of free wall 
rupture and cardiac tamponade may also be in- 
creased. Furthermore, some patients who present 
at the hospital several hours or days after MI 
because of ongoing or recurrent chest pain may 
actually have postinfarction pericarditis or even 
impending cardiac rupture. Misinterpretation of 
these symptoms may expose such patients to seri- 
ous risks from thrombolytic therapy. Recent obser- 
vations from a meta-analysis done by Duke Univer- 
sity investigators have, in fact, suggested that while 
the odds of cardiac rupture may be reduced when 
thrombolytic therapy is given early in the course of 
MI (<11 hours after onset of symptoms), they are 
actually increased when thrombolytic therapy is 
initiated late (> 12 hours after the onset of symp- 
toms).” Increased risk of cardiac rupture with late 
thrombolytic therapy may, however, not apply if 
primary PTCA is used for reperfusion. 


COMMENTS 

The data to support routine use of thrombolytic 
therapy late in the course of acute MI, although 
promising, are far from conclusive and the possibil- 





TABLE II Ongoing Clinical Trials of Late Reperfusion in Acute 
Myocardial Infarction 


Time Window 


APSAC = anisoylated plasminogen streptokinase activator complex; EMERA = 
Estudio Multicentrico Estreptoquinasa Republica Argentina; ISIS = International 
Studies of Infarct Survival; LATE = late assessment of thrombolytic eff cacy; SK = 
Streptokinase; TAMI = Thrombolysis and Angioplasty in Myocardial Infarction; t-PA = 
tissue-type plasminogen activator. 


ity of harm must be considered. Before the indica- 
tions for thrombolytic therapy can be safely ex- 
panded to include patients who present late after 
the onset of symptoms, the risk-to-benefit ratio 
needs to be defined in more detail.” Additional 
randomized trials are needed clearly to answer this 
very important question, since liberalization of the 
window of opportunity would not only considerably 
expand the pool of patients eligible for thromboly- 
sis, but also may further justify aggressive attempts 
for mechanical reperfusion in patients who fail 
intravenous thrombolysis. In the meantime, it ap- 
pears prudent to reserve late therapy for patients 
whose clinical and electrocardiographic data sug- 
gest intermittent coronary occlusion and a stutter- 
ing pattern of infarct evolution and, possibly, in 
patients who present in cardiogenic shock where 
the added risks of treatment, if any, may be 
justified. The relatively high rate of spontaneous 
late reperfusion in patients receiving only an- 
tithrombotic therapy without thrombolytic ther- 
apy” also raises the question of whether the 
benefits of late reperfusion in patients who fail 
early reperfusion with thrombolytic therapy may 
accrue simply from continuation of antithrombotic 
therapy, thereby making it unnecessary to engage 
in rescue percutaneous transluminal coronary an- 
gioplasty (PTCA)—a procedure associated with a 
high mortality and little, if any, improvement in 
ventricular function.” Even if further studies ulti- 
mately prove that the therapeutic window of oppor- 
tunity extends beyond 4—6 hours, those who are 
treated earliest will continue to benefit the most 
because thrombolytic efficacy and the magnitude 
of myocardial salvage achieved are greater with 
early therapy. Thus, it is imperative that the public, 
especially individuals at risk for MI, be educated to 
seek medical attention immediately after the onset 
of symptoms of prolonged myocardial ischemia. 
Additionally, physicians in emergency departments 
and coronary care units must establish treatment 
protocols for efficient triage and treatment of 
patients without undue delay. Several ongoing 
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clinical trials will more clearly define the benefits 
and risks o? late reperfusion, especially in patients 
with clinicel evidence of a completed transmural 
infarct without signs or symptoms of ongoing isch- 
emia or a s-uttering evolution of infarction (Table 
II). 
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Introduction 


Harvey D. White, MB, ChB, FRACP 


hrombolytic therapy is a major advance in 
l the management of acute myocardial infarc- 
tion. Major contributions to this area have 
been made by many groups throughout the world 
and the rapid progress made over the last few years 
in understanding and treating this disease has been 
truly remarkable. Any treatment that reduces mor- 
tality by 25% will be difficult to improve on, and 
indeed this has been the case with thrombolytic 
therapy. Despite the large number of patients 
(> 60,000) being randomized in clinical trials, the 
simplest and cheapest regimen of streptokinase 
and aspirin has not been su-passed. 

However, we must progress and improve on the 
current “gold standard.” In the recent Third Inter- 
national Study of Infarct Survival (ISIS-3) trial, 
preliminary data indicate that 35-day mortality for 
all patients, regardless of age, was > 10%, which- 
ever agent—streptokinase, duteplase (tissue plas- 
minogen activator, Burroughs Wellcome), or anis- 
treplase (anisoylated plasminogen-streptokinase 
activator complex)—was administered. Despite the 
substantial mortality reduction achieved with 
thrombolytic therapy, mortality remains unaccept- 
ably high. In addition, approximately 20% of pa- 
tients require antifailure therapy following hospital 
discharge. 

Thrombolytic therapy works by lysing occlusive 
coronary thrombi. If sustained patency is achieved, 
left ventricular function is improved and long-term 
survival is improved. Patenzy of the infarct-related 
artery is likely to be beneficial for preventing left 
ventricular remodeling ard dilation, which has 
been shown to be the most important long-term 
prognostic factor after recovery from acute myocar- 
dial infarction. Long-term patency is also likely to 
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decrease arrhythmogenesis and to provide collater- 
als if coronary artery occlusion occurs in a different 
artery in the future. Surprisingly, treatment with 
alteplase, which achieves earlier reperfusion than 
streptokinase or anistreplase, has not resulted in 
greater preservation of left ventricular function or 
improved survival. This is likely because early 
patency achieved with alteplase has not been 
sustained and the infarct-related artery has be- 
come reoccluded. Intermittent opening and closing 
of the artery may be more common after alteplase 
administration than following therapy with other 
thrombolytic agents, particularly if adequate anti- 
platelet and antithrombotic regimens are not given. 
Therefore, the early patency advantage may be 
lost. In addition, as early as 3 hours after adminis- 
tration, patency rates for streptokinase and anis- 
treplase “catch up” and are equivalent. Whether 
earlier patency with alteplase can translate into 
clinical benefit remains to be answered. 

Although alteplase appears to achieve high 
early patency, it is far from ideal. In the First 
Thrombolysis in Myocardial Infarction (TIMI-D 
trial, even following 7 injections of contrast solu- 
tion (which may open occluded arteries in 5-10% 
of patients), normal (TIMI grade 3) coronary 
artery flow at 90 minutes was achieved in only 34% 
of patients. Therefore, more than two thirds of 
patients do not achieve optimal early reperfu- 
sion—as judged by a 90-minute angiographic 
“snapshot” in time—even with alteplase. During 
the 24 hours that follow initial reperfusion, some 
arteries will open and close and some will become 
reoccluded. Clearly, there is far to go with regard 
to improving the efficacy of thrombolytic agents 
and decreasing reocclusion in the first 24 hours 
following acute myocardial infarction. 

Beyond 24 hours, it appears that aspirin (160 
mg/day) is sufficient to prevent reocclusion of most 
arteries. In the initial 24 hours, however, aspirin 
may not be sufficient, because it does not inhibit 
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the powerful stimulus of thrombin to aggregate 
platelets. Heparin inhibits this thrombin-induced 
platelet aggr2gation and is likely to be very benefi- 
cial for achieving sustained patency. (There is no 
evidence that heparin has a differential beneficial 
effect with the various thrombolytic agents.) Hepa- 
rin is likely to improve sustained patency with 
streptokinase and alteplase and also to reduce 
mortality. However, there will be increased bleed- 
ing with the administration of an earlier and more 
intensive heparin regimen, and the benefit-to-risk 
ratio needs to be tested in large clinical trials. 

At preseat, all patients presenting within 6 
hours with S_-segment elevation on the electrocar- 
diogram and without contraindication to thrombo- 
lytic therapy should be treated. Treatment with a 
thrombolytic. agent should be considered in most 
patients wha present within 12 hours after symp- 
tom onset (end in some who present beyond 12 
hours) and wao have continuing pain. Patients with 
bundle branch block pattern should also be treated, 
as in all likelihood they have a proximal left 
anterior descending artery occlusion, and mortality 
is even high2r than that for patients with large 
anterior infarctions. For patients with other electro- 
cardiographic abnormalities, particularly ST-seg- 
ment depression, treatment is not clearly indi- 
cated. These latter patients usually have a 
nonocclusive thrombus rather than an occlusive 


thrombus, and thrombolytic therapy is less likely to 
be beneficial. Also, thrombolytic therapy may have 
adverse effects, e.g., rarely causing elevation of 
plaque by subintimal hemorrhage and more com- 
monly increasing platelet activation, which has a 
very important role in acute ischemic syndromes. 

Further information is required for widening 
the current indications for thrombolytic therapy, 
particularly in terms of safety in patients with 
relative contraindications such as a history of 
remote stroke, menstruation, prolonged cardiopul- 
monary resuscitation, and concurrent warfarin ther- 
apy. 

In this supplement, results from many recent 
trials are presented, with interpretations as to how 
these results may influence current clinical prac- 
tice. Cardiologists are now faced with the challenge 
of how to improve patient care further from here. 
Improvement can be made in the efficacy and 
safety of thrombolytic agents, such as developing 
drugs that are selective for fresh clots. More 
specific antiplatelet and antithrombotic regimens 
must be developed, and the many interventions 
that may affect infarct expansion and ventricular 
remodeling need to be tested. The next few years 
will be very exciting and will, hopefully, bring good 
news for patients as the results of the various 
ongoing trials become available. 


2E THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 DECEMBER 5, 1991 


Importance of the Pharmacological Profile of 
Thrombolytic Agents in Clinical Practice 


Joseph S, Alpert, MD 


Three thrombolytic agents are frequently used in 


the United States for treating patients with acute 
myocardial infarction: streptokinase, alteplase 
(tissue plasminogen activator [t-PA]), and anis- 
treplase (anisoylated plasminogen—streptoki- 
nase activator complex [AFSAC)]). A fourth agent, 
urokinase, is occasionally used but clinical expe- 
rience is considerably more limited with this 
agent. Streptokinase, alteplase, and anis- 
treplase differ in a number of pharmacologic 
properties, which include half-life, enzymatic effi- 
ciency, and induction of platelet aggregation; 
these differences may be clinically important. For 
example, anistreplase and alteplase have high 
affinity for fibrin and bind to intravascular 
thrombi after intravenous administration, which 
may result in higher clot specificity. Anistreplase 
has the longest half-life of the 3 agents and, 
therefore, can be administ2red conveniently and 
quickly. Ateplase has a shorter half-life and hep- 
arin is generally a necessary adjunctive agent. 
These differences can be clinically significant in 
various settings and application of such theoreti- 
cal advantages is just beginning. 

(Am J Cardiol 1991;67:3E—7E) 
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nary occlusion has been a goal of investiga- 

tors and clinicians since the late 1960s. 
Initial efforts in this area focused on decreasing 
myocardial work demands.'” More recently, throm- 
bolytic agents have been demonstrated to restore 
blood flow to previously ischemic myocardium by 
dissolving occlusive coronary thrombi.*”* Intense 
clinical investigation has revealed that thrombo- 
lytic therapy salvages potentially necrotic myocar- 
dium, tmproves residual left ventricular function, 
and, most importantly, reduces in-hospital mortal- 
ity in patients with Q-wave myocardial infarc- 
tion. "s 

Streptokinase, alteplase, and anistreplase are 
the 3 commonly used thrombolytic agents in the 
United States for management of acute myocardial 
infarction. Urokinase is occasionally used but clini- 
cal experience is considerably more limited with 
this agent. Thrombolytic agents differ in pharmaco- 
logic properties, which may be important in deter- 
mining efficacy, safety, and practical issues, such as 
timing and administration. For example, anis- 
treplase and alteplase have high affinity for fibrin 
and, therefore, bind to intravascular thrombi follow- 
ing intravenous administration.”’’ Unfortunately, 
this theoretical advantage has not yet been shown 
to translate into marked differences in terms of the 
end points of thrombolytic therapy (i.e., patency, 
reocclusion, left ventricular function, stroke, mor- 
tality). Each of the commonly employed thrombo- 
lytic agents differs with respect to ease of adminis- 
tration, half-life, enzymatic efficiency, and induction 
of platelet ageregation,”’’ often leading clinicians 
to prefer one agent over another in particular 
clinical situations. For example, the ease of admin- 
istration of anistreplase (a single injection given 
over 2-5 minutes) makes this agent particularly 
suitable for emergency department and prehospi- 
tal (ambulance) administration.” 

Reperfusion and patency rates for previously 
occluded coronary arteries have been similar for all 
thrombolytic agents in large clinical trials per- 
formed to date. Unfortunately, randomized, con- 


PP ees of myocardium following coro- 
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trolled, comparative trials have been few in num- 
ber. Adverse events also appear to be similar in 
incidence foz the 3 commonly employed agents. 
Theoretically, anistreplase may be associated with 
a lower and clinically significant reocclusion rate 
than the other thrombolytic agents because of its 
long half-life >” 

This brief review will examine and compare the 
pharmacology of urokinase, streptokinase, al- 
teplase, and anistreplase in light of their clinical 
indications and utilization. 


THROMBOGENESIS VERSUS THROMBOLYSIS 

Thrombogenesis begins either with vessel-wall 
injury or a rupture or fissure of atherosclerotic 
plaque, thereby exposing highly thrombogenic ele- 
ments in the underlying tissues to the circulating 
blood (Figure 1). Platelets begin to aggregate, as a 
result of the clatelet-release reaction, and thrombo- 
plastin generated by platelet aggregation activates 
the clotting cascade. Prothrombin is then con- 
verted to thrcmbin, which, tn turn, converts soluble 
fibrinogen tc insoluble fibrin. A firm, adherent 
thrombus results with various blood elements 
trapped within the interstices of the fibrin network. 
It is important to remember that the various 
compounds and proenzymes of the fibrinolytic 
system are also trapped throughout this fibrin 
meshwork. 

The endogenous thrombolytic system, activated 
whenever thrombi are generated, counters this 
thrombogenic reaction. The thrombogenic—throm- 
bolytic system is an example of a biologic “reaction 
and counterr2action” system working to maintain 
homeostasis (Figure 2). Unfortunately, the throm- 
bolytic system may become overwhelmed, thus 
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Figure 1. Mechanisms of thrombogenesis. 





requiring exogenous administration of thrombo- 
lytic agents. Exogenous thrombolysis is achieved 
by administering pharmacologic agents that also 
begin to dissolve the insoluble fibrin network gen- 
erated by the thrombogenic reaction. Both the 
intrinsic system and extrinsically administered 
thrombolytic agents convert circulating and throm- 
bus-bound plasminogen to plasmin. 

Plasmin is an active enzyme that breaks fibrin- 
ogen cross-bridges and thereby dissolves thrombi. 
Circulating plasmin also destroys soluble fibrin- 
ogen within the circulation. The fibrin network 
within a thrombus is broken into small soluble 
pieces that can be detected within the blood as 
fibrin-split products. In another example of the 
“reaction/counterreaction” regulatory system, plas- 
min is deactivated by circulating a,-antiplasmin, 
thereby decreasing the tendency toward large- 
scale, generalized thrombolysis throughout the 
body. When either intrinsic or extrinsic thromboly- 
sis is set into action, the thrombus is attacked from 
within and from without. Activation of plasmino- 
gen trapped within the thrombus dissolves fibrin 
from within the clot while circulating plasmin 
breaks fibrin bridges on the thrombus surface. 


CURRENTLY AVAILABLE THROMBOLYTIC 
AGENTS 

Four thrombolytic agents are available for clini- 
cal use in the United States: streptokinase, uroki- 
nase, alteplase, and anistreplase. Clinically rele- 
vant pharmacologic properties of these agents are 
listed in Table I. 

Streptokinase, urokinase, alteplase: Strep- 
tokinase is a bacterial enzyme that combines with 
circulating plasminogen to form a complex that 
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Figure 2. Mechanisms of endogenous and exogenous 
thrombolysis. 
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Agents 


Parameter 


Enzymatic efficiency High 
for clot lysis 

Fibrin affinity Strong 

Pharmacologicai half- Short 
life 

Clot specificity Low High Moderate 

Antigenicity + + 

Transient hypotension + + + 

Hemorrhage as major + + + 
adverse event 


High High 


Strong 
Short 


Strong 
Long 


actively splits circulating and thrombus-bound plas- 
minogen to produce plasmin." Plasmin, in 
turn, breaks insoluble fibrin cross-bridges, thereby 
leading to clot dissolution. Circulating soluble 
fibrinogen is also lysed; fibrin-split products are 
produced by both reactions. Urokinase, unlike 
streptokinase, is a mammalian enzyme that con- 
verts plasminogen to plasmin.*” >" Unlike streptoki- 
nase, urokinase does not need to bind with plas- 
minogen before an active reaction can occur. Once 
plasmin is formed, fibrin within a thrombus, as well 
as circulating fibrinogen, is lysed, yielding fibrin- 
split products. Alteplase is also a mammalian 
enzyme that actively converts plasminogen to plas- 
min in the presence of fibrin.*°"’ Thus, thrombo- 
lysis occurs only after alteplase binds to fibrin 
within a preformed intravascular thrombus. Circu- 
lating fibrinogen is lysed significantly less than is 
the case with streptokinase or urokinase. 
Anistreplase: Anistreplase is a pharmacologi- 
cally engineered molecule composed of lys-plas- 
minogen and streptokinase bound together and 
inactivated by acylation of the enzymatically active 
center of the plasminogen molecule (Figure 3)" 


Figure 3. Molecular structure of 
anistreplase; MW = molecular 
weight. 


MW 131,000 D 


p-Anisoyl Group 








TABLE Ill Thrombolytic Agents: Pharmacological 
Considerations 


Plasma Half-Life 
of Circulating 
Fibrinolytic Activity 
(min) 


infusion (1 h) 15-20 

Bolus + infusion (1.5 h) 15-20 

Bolus + complex infu- 5 
sion (90 min—6 h} 

Single injection (2-5 
min) 


Administration 
Regimen 


Thrombolytic 
Agent 


Streptokinase 
Urokinase 
Alteplase 


Anistreplase 90-120 


The anistreplase molecule cannot act on circulat- 
ing plasminogen until spontaneous deacylation 
occurs in plasma,” ” thus generating the sireptoki- 
nase—plasminogen (active) complex. The streptoki- 
nase-plasminogen complex then splits circulating 
and thrombus-associated plasminogen to plasmin 
as noted in the discussion of streptokinase. After 
conversion of plasminogen to plasmin, insoluble 
fibrin and circulating fibrinogen are lysed. 

Because of less neutralization by plasma inhibi- 
tors and the slower degradation of anistreplase, 
anistreplase has considerably greater stability in 
plasma than does streptokinase.” High fibrin 
(clot) binding of anistreplase results in prolonged 
activity in the circulation. Moreover, the plasma 
half-life is longer with anistreplase than with any 
other thrombolytic agent (Tables I, II); thus, only a 
single dose is needed.” 

Fibrin affinity: The fibrin-binding potential of 
anistreplase has been compared with that of al- 
teplase and urokinase in 2 separate in vitro experi- 
ments.” In one study, the remaining serum con- 
centrations of alteplase, anistreplase, and urokinase 
after plasma had been clotted with thrombin were 
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TABLE IIt Comparison of Thrombolytic Agents for Reperfusion 
and Patency 


Strepto- Anistre- 
kinase Urokinase Alteplase plase 
End Point (%) (%) (%) (%) 


31-49 51-91 62-75 51-64 
44-78 58-72 60-82 72-93 
~15 — ~ 15 7-8 


Reperfusion 
Patency 
Reacclusion 





compared. In a second study, relative uptakes of 
these throm dolytic agents into preformed human 
clots were assessed. In each study, both anis- 
treplase and alteplase exhibited a high degree of 
fibrin bindirg (Figure 4). In contrast, urokinase 
demonstrated little or no fibrin affinity.” 

Antigenicity: Streptokinase, because it is a bac- 
terial protein, may occasionally cause allergic reac- 
tion (e.g., cutaneous rash, nausea, fever).’ Allergic 
reactions folowing streptokinase administration 
are rarely anaphylactic (incidence 0.1%).” Anis- 
treplase may also precipitate an allergic reaction in 
susceptible patients because it is a streptokinase- 
containing compound. Urokinase and alteplase are 
nonantigenic. When it is necessary to readminister 
a thrombolytic agent within 1 year of initial treat- 
ment, urokinase or alteplase are the preferred 
agents in petients who have previously received 
streptokinase or anistreplase. 

Reperfusion following thrombolytic therapy: 
Reperfusion and patency rates are similar with 
anistreplase as with other thrombolytic agents 
(Table III ).”*' Properties of anistreplase that 
contribute ta its fibrinolytic potential include fibrin 
binding, long plasma half-life, and creation of a 
hypofibrinogenemic state in the bloodstream.” This 
latter property is the result of lysis of circulating 
fibrinogen. Low levels of circulating fibrinogen 
decrease the propensity for new thrombus forma- 
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tion even in the absence of heparin. Therefore, 
aggressive anticoagulation with heparin may be 
obviated, possibly decreasing the potential risk for 
hemorrhage.” Anistreplase generates in vivo fi- 
brinolytic activity, which lasts for approximately 6 
hours. 

Hemorrhagic complications of thromboiytic 
agents: It is now clear that hemorrhage following 
administration of thrombolytic agents is not the 
result of low levels of circulating fibrinogen.”” 
Agents that markedly decrease plasma fibrinogen 
levels (anistreplase, streptokinase, urokinase) have 
the same risk of bleeding associated with their use 
as do agents that decrease circulating fibrinogen to 
a more modest degree (alteplase).”"’ Apparently, 
bleeding occurs in association with fibrinolysis 
when a hemostatic plug sealing an arterial injury 
(e.g., tear, rupture, fissure) is lysed by the thrombo- 
lytic agent. Preservation of circulating fibrinogen is 
no protection against such events. Indeed, bleeding 
complications have been similar with all 4 thrombo- 
lytic agents. 

Rethrombosis following thrombolytic ther- 
apy: Platelet activation occurs whenever thrombol- 
ysis is initiated and likely results from exposure of 
fresh surfaces within a preformed thrombus as the 
fibrinolytic process proceeds.”’’ Thus, the very act 
of thrombolysis sets off a platelet activation reac- 
tion that diminishes the beneficial effect of the 
thrombolytic agent. Platelet activation initiates a 
series of chemical reactions (1.e., the clotting cas- 
cade) that leads to thrombus generation. Hence, 
the recently reopened artery may close (rethrom- 
bose). 

Agents that decrease circulating fibrinogen cre- 
ate a hypofibrinogenemic state, which works to 


Figure 4. In vitro clot uptake of 
thrombolytic agents: streptoki- 
nase~plasminogen, urokinase, 
tissue plasminogen activator 
(t-PA, altteplase), and anis- 
treplase.”°* 
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retard rethrombosis. Agents such as anistreplase, 
streptokinase, and urokinase fall into this category. 
Alteplase has a short half-life and decreases circu- 
lating fibrinogen less than these former agents and, 
therefore, is more often assaciated with rethrombo- 
sis. Meticulous heparinization is therefore more 
important when alteplase is employed to sustain 
reperfusion and prevent reocclusion. Anistreplase 
may be associated with the lowest incidence of 
reocclusion and heparin administration may not 
always be necessary. 


CONCLUSION 

Streptokinase, urokinase, alteplase, and anis- 
treplase promote thrombolysis by ultimately activat- 
ing plasminogen, either directly (urokinase) or 
indirectly (streptokinase, alteplase, anistreplase). 
However, differences are apparent in the pharma- 
cologic profiles of these agents. Important differ- 
ences exist among these agents and include half- 
life, fibrin specificity, early reperfusion, and 
reocclusion. Other factors to consider include ease 
of administration and cost. Many important ques- 
tions remain unanswered with respect to advan- 
tages and disadvantages of the various thrombo- 
lytic agents. Currently ongoing, comparative clinical 
trials will shed considerably more light on these 
vital clinical issues during the next 10 years. 
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Brief Overview of the End Points of Thrombolytic 
Therapy 


C. Richard Conti, MD 


in addition tc mortality, several measurable end 


points of thrombolytic therapy have been stud- 
ied. These include coronary arterial patency, left 
ventricular function, reocclusion, reinfarction, 
and bleeding complications. Current wisdom dic- 
tates that recanalization of occluded arteries in 
the early phases of acute myocardial infarction 
should be attempted to preserve viable cardiac 
muscle, with che ultimate goal of decreasing mor- 
tality. Unfortunately, the number of patients eligi- 
ble for throm oiytic therapy far exceeds the num- 
ber receiving it, despite the clear benefits that 
have been demonstrated. 

(Am J Cardiol 1991;67:SE--10E) 
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esults from multiple trials that have evalu- 
Re thrombolytic therapy in patients with 

evolving acute myocardial infarction have 
left the average cardiologist (including myself) 
dazed by sensory overload. This review will briefly 
summarize, from my own clinical perspective, 6 
different end points of thrombolytic therapy: pa- 
tency, reocclusion, left ventricular function, reinf- 
arction, complications, and mortality, as published 
in the scientific literature or presented at national 
scientific meetings. These topics will be expanded 
further in subsequent articles in this supplement. 


PATENCY 

Coronary angiography performed 90 minutes 
following thrombolytic therapy provides an accu- 
rave assessment of the ability of thrombolytic 
agents to recanalize a thrombus-occluded artery 
rapidly. Patency of an infarct-related artery at 90 
minutes after thrombolytic therapy in 10 major 
studies shows that alteplase (tissue plasminogen 
activator [t-PA]) has a higher patency than strep- 
tokinase.' If all studies of the available thrombo- 
lytic agents are considered, it is clear that alteplase 
and anistreplase (anisoylated plasminogen—strep- 
tokinase activator complex [APSAC]) have higher 
90-minute patency rates than streptokinase. How- 
ever, patency at 90 minutes may not be the best 
predictor of thrombolyiic efficacy or mortality. 
When late patency is considered, differences be- 
tween the thrombolytic agents become much less 
marked. 

Patency and mortality: Many trials have shown 
that patients with open arteries have a lower 
mortality than patients with closed arteries. For 
example, in the Western Washington, Thromboly- 
sis and Angioplasty in Acute Myocardial Infarction 
(TAMI), and Duke trials, lower mortality was 
observed in patients having open arteries at 1 year 
(2.5%, 7.1%, and 7.0%, respectively) compared 
with patients with closed arteries (15%, 10.4%, and 
17%, respectively). 

However, a question that must be addressed 
relates to the timing of the recanalization process. 
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Does early opening of a coronary artery preserve 
myocardium and decrease mortality more than 
later opening? Intuition would suggest it does, but 
intuition has been wrong in the past. This aspect of 
patency and its relationship to mortality require 
further study. 


LEFT VENTRICULAR FUNCTION 

In every study performed, patients treated with 
streptokinase, alteplase, or anistreplase have a 
higher left ventricular ejection fraction than pa- 
tients treated with placebo. Significant differences 
do not exist in terms of ejection fraction when 
streptokinase, alteplase, and urokinase are com- 
pared. Adjunctive agents such as captopril, B 
blockers, or calcium antagonists, when added to 
thrombolytic therapy, fail to increase the ejection 
fraction compared with thrombolytic therapy plus 
placebo. Unfortunately, patients with similar ejec- 
tion fractions (ejection fraction equivalency), ob- 
tained with different thrombolytic agents, may not 
have the same mortality (efficacy equivalency). In 
other words, ejection fraction does not correlate 
well with survival. 

Ejection fraction and mortality: Inverse rela- 
tionships of ejection fraction and mortality were 
identified in 9 controlled thrombolytic trials.” Only 
one study showed that the increase in ejection 
fraction was associated with a decrease in mortal- 
ity.” Failure to show that left ventricular ejection 
fraction correlates well with survival in these stud- 
ies may be related to the following: 14% of patients 
die, 5-20% of patients had no ejection fraction 
measured, and the ejection fractions were techni- 
cally inadequate in 10-20% of patients. In some 
instances, compensatory hyperkinesis may have 
increased the ejection fraction. Finally, the ejec- 
tion fractions obtained from 7 days to several 
months after a myocardial infarction may not be 
appropriate because of several factors, such as the 
heterogeneity of ventricular loading conditions, 
the early effect of myocardial stunning, and drug 
effects. 


REOCCLUSION 

In the vast majority of patients, the occurrence 
of reocclusion or ischemia is unpredictable, occur- 
ring in approximately 15-20% of patients.“ Re- 
ported rates of reocclusion for streptokinase and 
alteplase are approximately 15%; anistreplase is 
associated with lower reocclusion rates of 7-8%.>" 

When reocclusion does occur, there is a signifi- 
cant decrease in ejection fraction as well as an 
increase in mortality. Therapy with heparin, aspi- 


rin, and percutaneous transluminal coronary angio- 
plasty (PTCA) have been ineffective in preventing 
reocclusion, as pointed out in the TAMI trials.” 
Also based on TAMI trials, reocclusicn occurs 
most frequently during the first 24 hours. In addi- 
tion, there is no difference in the ischemic zone 
regional wall motion in patients with a patent 
infarct-related artery. Recurrent ischemia can also 
occur without warning. In the TAMI trials, 29 
variables were investigated, including quantitative 
coronary artery diameter stenosis, morphologic 
changes, demographics, and treatment. None of 
these predicted the reoccurrence of ischemia in 
patients with an open vessel who never underwent 
PTCA. 


REINFARCTION 

Using data from the Second Internaticnal Study 
of Infarct Survival (ISIS-2) as a representative 
example, the reinfarction rate in this trial with 
streptokinase alone was 2.8%. When aspirin was 
added to this regimen, the reinfarction rate was 
slightly reduced to 1.8%.” This is approximately 
true in the other trials that have assessed the 
incidence of reinfarction as an end point of throm- 
bolytic therapy. 


MORTALITY 

In all major trials of thrombolytic therapy, each 
of the available thrombolytic agents has been 
shown to decrease absolute mortality. Of particu- 
lar concern is the use of thrombolytic agents in 
elderly patients. However, mortality declined in 
every trial that compared thrombolytic therapy 
with placebo and included elderly patients in the 
patient population. In fact, in patients receiving 
streptokinase and aspirin (ISIS-2), the number of 
lives saved per 100 patients treated in those <60 
years of age was 2.5%. In contrast, for patients 
between the ages of 60 and 69, 7 lives per 100 
patients treated were saved; in patients > 70 years 
of age, 8 lives per 100 patients treated were saved. 
Similar results were observed in the Anglo- 
Scandinavian Study of Early Thrombolysis (AS- 
SET) trial.“ In the recently completed ISIS-3 trial, 
a significant reduction in mortality was observed in 
elderly patients treated with streptokinase, anis- 
treplase, and duteplase (t-PA; Burroughs Well- 
come).” 


STROKE 

All thrombolytic agents have been associated 
with stroke. In patients weighing >60 kg, the 
stroke incidence is approximately 1.1% with either 


A SYMPOSIUM: EVALUATING THROMBOLYTIC THERAPY 9E 


streptokinase or alteplase. However, in patients 
weighing <€0 kg, the stroke incidence is higher 
with alteplase (3.8%) than with streptokinase 
(1.2%) (unpublished data from the Gruppo Ital- 
iano per lo S<udio della Sopravvivenza nell’Infarto 
Miocardico [GISSI-2]). In patients <70 years of 
age, the stroke incidence is approximately the same 
in patients receiving streptokinase and alteplase, 
but stroke incidence increases in the patients > 70 
years of age. particularly in the alteplase group, 
going from 1.5 to 2.7%. 


BLEEDING COMPLICATIONS 

In the Second Thrombolysis in Myocardial In- 
farction (TIMI-II) study, bleeding complications 
were increased with an increased dose of al- 
teplase.’° Hcwever, transfusions associated with 
bleeding were required in 7.7% of patients receiv- 
ing 150 mg of alteplase versus 4.4% in patients 
receiving 100 mg of alteplase. Bleeding complica- 
tions do not seem to be reduced with fibrin- 
selective agents. When considering altering drug 
levels by fromt loading, and increasing the dose of 
thrombolytic agents in order to open arteries more 
rapidly, remember that bleeding complications re- 
quiring trans“usions were much higher in the pa- 
tients who received higher doses of the drug. 
Intracranial temorrhage, a catastrophic complica- 
tion, occurs in about 0.5% of patients,” but there 
are no absolute predictive factors. Perhaps the 
weight of thz patient must be considered and 
weight adjustnent of the total dose given is impor- 
tant. 


CONCLUSION 

Current krowledge suggests that recanalization 
of occluded arteries in the early phase of acute 
myocardial infarction should be attempted to pre- 
serve viable cardiac muscle with the ultimate goal 
of decreasing mortality. In terms of patency, al- 
teplase and anistreplase have higher patency rates 
than streptok-nase at 90 minutes after thrombolytic 
therapy. Open coronary arteries 1 year after reper- 
fusion are associated with a lower mortality than 
that found in patients with closed coronary arter- 
ies. Patients recetving thrombolytic therapy have a 
higher ejection fraction than those treated with 
placebo, but correlation with survival is not obvi- 
ous. Reocclusion when it occurs is associated with 
a decrease in ejection fraction as well as with an 
increase in mortality. Reinfarction has a low recur- 
rence rate whan any of the thrombolytic agents are 
used. All thrombolytic trials decrease mortality 
compared wita placebo, even in the elderly patient. 


Stroke incidence is low with all agents but may be 
increased in patients weighing <60 kg and in 
patients > 70 years of age. Bleeding complications 
are increased with increasing doses of the thrombo- 
lytic agents. Intracranial hemorrhage has a low 
incidence with all agents but may be further re- 
duced if weight and total dose are considered. 
Unfortunately, the number of patients eligible for 
thrombolytic therapy far exceeds the number of 
patients receiving it, despite the fact that numerous 
trials have indicated that those who receive throm- 
bolytic agents clearly benefit. 
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Overview of Patency as an End Point of 
Thrombolytic Therapy 


Jeffrey L. Anderson, MD 


Underlying the use of thrombolytic therapy is the 
hypothesis that reestablishment and mainte- 
nance of coronary blood flow (coronary patency) 
are the primary mechanisms of therapeutic ben- 
efit in patients with acute myocardial infarction. 
Early achievement and maintenance of adequate 
coronary blood flow (patency) in the infarct-re- 
lated artery are the primary goals of thrombolytic 
therapy. One third of patients may achieve spon- 
taneous patency within a few days following 
acute myocardial infarction. When antithrom- 
botic therapy (i.e., heparin: is administered, this 
rate increases to > 50%, but patency is achieved 
only gradually and mortality reductions compara- 
ble to thrombolytic therapy are not achieved. Af- 
ter administration of a thrombolytic agent, early 
(90-minute) patency rates are greater with al- 
teplase or anistreplase than with streptokinase. 
However, patency rates for alteplase decline by 
10-30% if intravenous heparin is not given con- 
currently. When patency is assessed > 24 hours 
following thrombolytic therapy, no significant dif- 
ference exists among the agents. A single angio- 
graphic observation of the artery at 90 minutes, 
although useful, may be inadequate to distin- 
guish among the beneficial clinical effects of dif- 
ferent thrombolytic regimens. The overall reper- 
fusion or patency profile is probably a better 
basis for assessing relative benefits. Intravenous 
thrombolytic regimens that are increasingly ef- 
fective in rapidly achieving and maintaining coro- 
nary patency are now available and in further de- 
velopment. 

(Am J Cardiol 1991:67:11E—iGE) 
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myocardial infarction (AMI) has appeared 

to be a logical end point for thrombolytic 
therapy since contemporary thrombolytic trials 
were begun in the early 1980s. Early trials were 
based on the intuitive hypothesis that benefits of 
thrombolytic therapy were primarily due to early 
reestablishment and maintenance of coronary blood 
flow (“patent coronary artery” hypothesis). For 
example, survival after intracoronary streptokinase 
in the Western Washington Randomized Trial’ 
was 92% compared with 85% after nonthrom- 
bolytic, control therapy. However, in patients receiv- 
ing streptokinase, 2 distinct subgroups were appar- 
ent: those achieving a patent coronary artery (98% 
survival) and those left with a partially patent or 
occluded coronary artery (85% survival, no better 
than control). Thus, it appears that it was not 
streptokinase per se that was responsible for im- 
proved survival, but streptokinase-mediated reper- 
fusion. In AMI patients, differences in survival 
between groups with patent arteries and groups 
with occluded coronary arteries have been con- 
firmed in other clinical studies.” This brief review 
will summarize selected patency (and reperfusion) 
studies that evaluate the standard, recommended 
administration regimens of the available thrombo- 
lytic agents. 


Pose of the coronary artery after acute 


PATENCY DEFINITIONS AND ASSESSMENT 
METHODS 

Patency and reperfusion (or recanalization) are 
2 technically distinct end points. Patency (open 
artery) is clinically defined by a single angiogram 
performed some time after therapy. Reperfusion, 
in contrast, requires pretreatment angiographic 
documentation of occlusion and demonstration of 
advancement to patent coronary artery status dur- 
ing or after therapy. Because 10-20% of coronary 
arteries are spontaneously patent at the time that 
AMI patients present for therapy,’ the total pa- 
tency rate will be higher than the true reperfusion 
rate by the percentage accounted for by spontane- 
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ous patency. From the perspective of patient out- 
come, patency, no matter how achieved, is likely to 
be more closely associated with clinical outcome 
than reperfusion. 

Patency can be assessed in different ways, de- 
pending on time of angiography and Thrombolysis 
in Myocardial Infarction (TIMI) grade. Although 
arbitrary, angiography at 90 minutes has been the 
most commonly used time end point. The maxi- 
mum, or early plateau, patency rate (i.e., the 
maximum pétency rate achieved at 1 day) may 
differ from zhe 90-minute rate and may occur 
somewhat later (or earlier) after particular throm- 
bolytic regim2ns. The state of the coronary artery 
at hospital discharge has also been proposed as 
being prognostically important and, therefore, pre- 
discharge assessment of patency is common. Fi- 
nally, patency can be assessed by its overall profile 
over time. 

By grade, the sum of TIMI grades 2 (partial/ 
delayed) and 3 (rapid/complete) has been most 
commonly used to assess patency.* However, TIMI 
grade 3 alone (complete perfusion) may be advo- 
cated as a better predictive end point.’ In this 
regard, in our recent comparative study of anis- 
treplase (anisoylated plasminogen-streptokinase 
activator complex [APSAC]) and streptokinase, 
the creatine kinase release curve distinguished 
patients with zrade 3 flow at 90 minutes from other 
patients, showing a significantly lower, earlier peak- 
ing curve (unpublished observations); patients with 
grade 2 perfusion showed results closer to those 
with TIMI gredes 0 or 1. 


REVIEW OF CLINICAL PATENCY STUDIES 

Comparisens with nonthrombolytic (control) 
therapies: [n tial patency studies compared throm- 
bolytic therapy with control (nonthrombolytic) ther- 
apy. Treatment with thrombolytic agents, not sur- 
prisingly, resulted in much greater rates of 
reperfusion cr patency during the 1-2 hours of 
observation ater administration. For example, the 
reperfusion rate at 60-90 minutes in the Western 
Washington Eandomized Trial’ averaged 68% af- 
ter intracoronary streptokinase compared with 12% 
after control therapy with nitroglycerin. Similarly, 
in the European Cooperative Study,° treatment 
with another -hrombolytic agent, alteplase (tissue 
plasminogen activator [t-PA]), resulted in signifi- 
cantly higher patency rates at 75-90 minutes than 
with placebo (61% vs 21%). A similar reperfusion 
advantage of anistreplase over placebo (56% vs 
8%) also has teen shown.’ 


Comparison between agents: After the mid- 
1980s, studies began to evaluate comparisons be- 
tween different, but active, thrombolytic regimens. 
In early studies of intravenous streptokinase, pa- 
tency was assessed using intracoronary streptoki- 
nase as the “gold standard.” Reperfusion 60-90 
minutes after intravenous streptokinase was vari- 
ably less than after intracoronary streptokinase,*” 
but patients seemed to do well clinically” and the 
ease of administration favored further develop- 
ment of the intravenous route of administration. 

The TIMI-I study,’ which compared alteplase 
with streptokinase, demonstrated a clear advan- 
tage of alteplase at the 90-minute end point regard- 
less of whether reperfusion (62% vs 31%) or 
patency (70% vs 43%) was considered (both differ- 
ences statistically significant). 

At this point, the patency hypothesis becomes 
complicated; despite the early patency advantage 
for alteplase (in TIMI-I, the patency outcome ratio 
was 1.6:1, and in the European Cooperative Study,” 
1.3:1), subsequent comparative studies show a 
ratio of 1:1 for left ventricular ejection fraction 
outcome” and 1:1 for mortality.” Therefore, either 
the patency hypothesis is flawed or the wrong patency 
end point was being measured in these trials. 

When assessing patency, particular modifying 
factors must be considered. Findings from the 
TIMI-I trial* suggested that success after streptoki- 
nase administration, but not after alteplase admin- 
istration, was more dependent on the age of the 
clot (i.e., the time to therapy from symptom onset). 
When treatment was given 4-7 hours after symp- 
tom onset, outcome (patency) after streptokinase 
was not as favorable as with alteplase (24% vs 
55%). However, when streptokinase was given 
within 4 hours of symptom onset, the difference 
was not as marked (44% vs 61%). Also, an analysis 
of the reperfusion rate—-time curves from the TIMI-I 
study showed that reperfusion rates had not pla- 
teaued at 90 minutes after streptokinase but were 
still rising.* In contrast, a plateau did begin to occur 
at 60-90 minutes after alteplase administration. 

Moreover, the Pro-urokinase in Myocardial In- 
farction (PRIMI) Study” showed that, given addi- 
tional time, streptokinase patency rates do “‘catch 
up” with other thrombolytic agents. In this study, 
streptokinase was compared with the fibrin- 
selective drug, pro-urokinase (single-chain uroki- 
nase-like plasminogen activator, saruplase, scu- 
PA). At 60 minutes, streptokinase was clearly 
behind in terms of patency (48% vs 72%, p <0.001). 
However, at 90 minutes the gap narrowed (64% vs 
71%), and by 24 hours the curves actually crossed 
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over (88% vs 85%) and no significant difference 
between streptokinase and pro-urokinase in terms 
of patency was present. 

Although alteplase is associated with a greater 
early patency rate than is streptokinase, the latter 
agent is associated with a lower subsequent reocclu- 
sion rate. In TIMI-I, for example, reocclusion rates 
were 14% and 24% for streptokinase and alteplase, 
respectively.’ Studies have recently shown the im- 
portant requirement for full-dose intravenous hep- 
arin after alteplase administration for maintaining 
optimal late (>1 day) patency rates and prevent- 
ing reocclusion. For example, in the Heparin Aspi- 
rin Reinfarction Trial (HART),” patency was sig- 
nificantly lower when aspirin (80 mg) was given 
instead of concurrent intravenous heparin (52% vs 
82%, p <0.001). 

Approaches to improving the overall patency 
profile: Based on these observations, better throm- 
bolytic regimens for both establishing and maintain- 
ing patency might include the use of combinations 
of fibrin-specific and nonspecific agents or improve- 
ments in the streptokinase or alteplase regimens 
themselves. For alteplase, front-loaded regimens 
are being tested, and concomitant full-dose, intra- 
venous heparin is being advocated. For streptoki- 
nase, chemical modifications have been made by 
complexing streptokinase in vitro with lys-plasmino- 
gen, a more fibrin-avid form than the native, 
circulating glu-plasminogen, and temporarily block- 
ing the active site on plasminogen with an acyl 
group, to form anistreplase.’° In this form, anis- 
treplase can be given as a bolus and achieves a long 
half-life of activity. 

In an early European clinical trial comparing 
anistreplase with streptokinase in 86 patients with 
evolving AMI of <6 hours’ duration, anistreplase 
showed a superior 90-minute patency rate to strep- 
tokinase (72% vs 56%, p = 0.05)."” These results 
are similar to the patency superiority of alteplase 
over streptokinase, as seen in the European Coop- 
erative Study (70% vs 55%)." 

In a recently published multicenter study, the 
Second Trial of Eminase in Acute Myocardial 
Infarction (TEAM-2), we compared patency ef- 
fects after treatment with anistreplase and strep- 
tokinase in 370 AMI patients within 4 hours of 
symptom onset.” Angiography was performed at 
90-240 minutes. Adjunctive intravenous heparin 
was administered to both groups after 2-6 hours. 
As expected, the patency rate after anistreplase 
was high, 72%." Surprisingly, total patency was 
similarly high (73%) after streptokinase (on the 
2-2.5-hour angiogram), although grade 3 (com- 





plete) patency tended to be higher in anistreplase- 
treated patients (60% vs 53%).’* Quantitative pa- 
tency determinations also favored anistreplase, 
although modestly. The percentage of residual steno- 
sis of the infarct-related artery (at 90-240 minutes) 
was 74% and 77% in anistreplase- and streptokinase- 
treated patients, respectively (p <0.02). 

A subsequent multicenter study (TEAM-3) com- 
pared anistreplase with alteplase.” In this compar- 
ison, 325 patients were enrolled within 4 hours of 
symptom onset and were randomized to standard 
doses of anistreplase or alteplase. Aspirin (162- 
325 mg) and full-dose intravenous heparin were 
given concurrently. Data concerning the primary 
end point, left ventricular ejection fraction, are not 
yet available. However, an important secondary 
end point was patency at 1 day, or the plateau 
patency achieved without interventions. These 1-day 
or plateau patency results of TEAM-3 have been 
presented in preliminary form and are gratifyingly 
high for both agents (90% for anistreplase, 85% for 
alteplase; difference not significant). A compari- 
son of individual patency grades (0, 1, 2, 3) also 
showed a similar profile for the 2 regimens. These 
data suggest that anistreplase produces high pa- 
tency rates, both at 90 minutes” and at 1 day,” that 
are higher at 90 minutes than rates associated with 
streptokinase but very similar to results reported 
with alteplase.'?” 


AN OVERVIEW OF PATENCY PROFILES FOR 
STANDARD THROMBOLYTIC REGIMENS 

An overview of the patency profiles observed in 
available trials that evaluated standard regimens of 
anistreplase, streptokinase, and alteplase is pre- 
sented in Tables I and H. This analysis is based on 
a complete search of the literature for all available 


TABLE! Overview of Early Patency Trials* (90—240 minutes) 


Thrombolytic No. of No. of 
Agent Studies Patients 


Overall 
Pazency (%) 


71.0 
69.5 
65.57 


859 
809 
745 


Anistreplase 15 
Alteplase 9 
Streptokinase 10 


*See appendix for raferences. 
tNominally significantly less (chi-square analysis) than ansstreplase or alteplase. 


TABLE Hl Overview of Late (> 1 day) Patency Trials* 


Thrombolytic 
Agent 


No, of 
Studies 


No. of 
Patients 


1,093 
1,146 
837 


Overall 
Patency (%) 


83.1 
72.7T 
80.34 


Anistreplase 17 

Alteplase 11 

Streptokinase 10 
*See appendix for references. 


tNominally less than anistreplase and streptokinase. 
+Nominally less than anistreplase. 
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patency trial data. Careful and extensive use of 
commercial data bases—-Mediine and Excerpta Med- 
ica—ensured that all relevant studies were re- 
trieved. Published abstracts of studies presented at 
major cardiology meetings were also included. This 
overview provided data on all trials published and 
presented up to December 1990. 

Studies that used approved intravenous doses of 
the 3 availabe thrombolytic agents were selected. 
For anistreplase, the standard dose is 30 U, given 
over 2-5 mintes. For streptokinase, the standard 
dose is 1.5 x 106 U, generally given over 1 hour. For 
alteplase, the dosing regimen was equivalent to the 
administration of 100 mg over 3 hours (or less, i.e., 
>80 mg, as indicated, using a weight-adjusted 
schedule for lower-weight patients). Nonstandard 
or experimer.tal dosing regimens, such as those 
using higher crug doses (e.g., 3.0 x 10° U streptoki- 
nase, or 150 mg alteplase) or accelerated regimens 
(e.g., front-loaded alteplase) were excluded. Stud- 
ies that incluced the use of varied ancillary medica- 
tions (e.g., asirin or heparin) not shown to affect 
early patency were not excluded from the overview. 
Early patency was generally assessed close to 90 
minutes, but within a range of 90-240 minutes. 
Late-patency studies were defined as assessments 
at a mean of = 1 day, 

Early patency. was assessed in a total of 2,413 
patients in 15 anistreplase studies, 9 alteplase 
studies, and 10 streptokinase studies. Late (pla- 
teau) patenc’ was assessed in a total of 3,076 
patients in 17 anistreplase studies, 11 alteplase 
studies, and 1) streptokinase studies. Results were 
averaged and compared for all studies on a per- 
patient basis. 


Anistreplase 


Streptokinasg » +“ 


= 


73 * 
Alteplase 


Patency 
Rate (%) 


Alteplase (no hepa 





For anistreplase and alteplase, average patency 
rates of approximately 71% and 70%, respectively, 
were achieved at 90-240 minutes (Table I). For 
streptokinase, the rate was lower (66%); the differ- 
ence, however, is not as great as suggested by 
earlier studies* that used later thrombolytic treat- 
ment and/or earlier patency assessment. 

Relative patency profiles at > 1 day were some- 
what different from results of early patency (Table 
II). Here, patency averaged 83% for anistreplase, 
80% for streptokinase, and 73% for alteplase. 
Lower rates fcr alteplase may be due to the 
variable use of heparin, which appears to be an 
important adjunct for optimal late patency after 
alteplase, and may reflect the greater tendency for 
reocclusion after administration of this agent.” 

Several overall patency profiles may be observed 
after AMI (Figure 1). Without antithrombotic 
therapy, about one third of patients may achieve 
spontaneous patency within a few days.” When 
heparin” (and possibly aspirin) is administered, 
this rate increases to > 50%, but patency is achieved 
only gradually and reductions in mortality, as seen 
with thrombolytic therapy, are not achieved.” 
Ninety-minute patency is much greater after throm- 
bolytic therapy, although it lags for streptokinase 
by a variable degree. Even greater and relatively 
comparable patency rates (> 80%) are present at 1 
day and tend to plateau thereafter. However, 
patency rates for alteplase decline by 10-30% if 
intravenous heparin is not given concurrently. 


CONCLUSION 
The establishment and maintenance of coro- 
nary patency to improve survival in patients with 


Thrombolytic 
*© 80410 


Figure 1. Overall patency profiles 
after acute myocardial infarction; 
based on an overview of patency 
studies (1986-1990) using stan- 
dard (approved) regimens. 
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AMI are the chief goals of thrombolytic therapy. 
Data from numerous studies have shown that 
thrombolytic therapy markedly increases the per- 
centage of patients achieving early reperfusion. 
Early patency rates differ among thrombolytic 
agents (anistreplase, alteplase > streptokinase), 
but differences are only modest after 90-240 min- 
utes; later rates are higher and similar among 
agents (80+10%), provided that heparin is given 
with. altepiase. Consideration of overall patency 
profiles of thrombolytic agents may better predict 
relative functional and mortality outcomes than 
90-minute patency rates alone. 

Acknowledgment: I would like to thank Chris- 
topher Baxter-Jones for his analysis of the patency 
profiles in the various studies. 
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Thrombolysis, Anticoagulation, and Reocclusion 


Elliot Ri:paport, MD 


Based on apparent higher recanalization rates af 
the infarct-related artery, preferential use of 
thrombolytic agents with high clot specificity hz 
been proposed for treating patients with acute 
myocardial infarction. In the Thrombolysis in M. 
cardial Infarction (TIMI-l) and European Cooper... 
tive Group studies, higher re, erfusion ates wer. 
observed with alteplase compared with streptok: 
nase, causing many to assume that the forme’ 
would achieve a greater reduction in early hospi- 
tal mortality. However, the Gruppo Itz ‘iano per io 
Studio della Streptochinasi nell’ Infarto Mio- 
cardico (GISSI-2) and its associated Internationa’ 
Study Group failed to show any differences in 15- 
day mortality between these agents n more thar 
20,000 patients. 

This apparent lack of correlation between 
reperfusion rates and early mortality may be e: 
plained in part when one considers that recanaii- 
zation or patency rates measured at a given po:: 
in time, such as 90 minutes after onset of ther- 
apy, fail to define the subsequent vessel stz*us 
Early reocclusion is the major reason for this ar. 
is a major limitation to the clinical efficacy of 
thrombolytic drugs. Following , scanalization, re- 
sidual fibrin-bound thrombin aunerent to the sit: 
of arterial injury from plaque rupture strongly 
promotes rethrombosis. Although antiplatelet 
and antithrombin agents such as aspirin and he 
arin help to decrease rethrombosis, these age’ 
are far from ideal. 

Thrombolytic agents that produce a signifi- 
cantly prolonged systemic thrombolyt > state, 
such as streptokinase and anistreplase, are 
likely to result in less rethro:-:bosis. Therefore, a 
systemic fibrinolytic state would appear xo be ar 
advantage rather than a disadvantage, partic’ - 
larly because the incidence of intracerebral hem: 
orrhage does not appear to be greater with their 
use compared with agents producing less sys- 
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temic fibrinolysis. Although relatively clot-spe- 
cific agents producing only mild systemic fibrino- 
lysis are associated with higher initial patency 
“ates, they are also more likely to be associated 
-vith higher initial rethrombosis rates. Future 
‘herapy may be directed to the combined use of 
agents such as alteplase and streptokinase, al- 
teplase and urokinase, or perhaps anistreplase 
alone to take advantage of early and higher reca- 
nalization rates produced by increased clot spec- 
ificity combined with the advantage of a pro- 
longed systemic lytic state. Results of the Third 
international Study of Infarct Survival (ISIS-3) 
and the currently planned Global Utilization of 
Streptokinase and t-PA for Occluded Arteries 
(GUSTO) trial may help to substantiate this ap- 
proach. 

(Am J Cardiol 1991;67:17E-—22E) 


ajor clinical trials have demonstrated a 
IM cesses reduction in early mortality 
when patients experiencing acute myo- 
cardial infarction (AMI) with electrocardiographic 
ST-segment elevation are treated shortly after 
symptom onset with thrombolytic therapy.’~ Intu- 
itively, one would expect thrombolytic agents that 
produce a higker early patency rate to produce the 
greatest improvement in survival. However, this is 
not necessarily true. The purpose of this review is 
o evaluate reocclusion as an end point of thrombo- 
ytic therapy and to put the available data concern- 
ng thrombolysis and anticoagulation into clinical 
perspective. 


REOCCLUSION FOLLOWING THROMBOLYSIS 

In a recent overview by Verstraete,° agents with 
fibrin (or clot) specificity, such as saruplase (pro- 
urokinase) and alteplase (tissue plasminogen acti- 
vator) were associated with recanalization rates 
that were significantly higher than those seen with 
streptokinase, which tends to produce a systemic 
fibrinolytic state (statistical significance not re- 
ported) (Table I). Anistreplase (anisoylated plas- 
minogen streptokinase activator complex), which 
produces a prolonged lytic state, has a patency rate 


A SYMPOSIUM: EVALUATING THROMBOLYTIC THERAPY 17E 


TABLE | Recaralization and Patency Rates Following 
Thrombolysis* 


After Treatment 


Before and After Treatmentt 


No, of 
Patients 


Recanalization No. of Patency 


Patients (%) 


Streptokinase 
Urokinase 
Alteplase 
Anistreplase 
Saruplase 
*Modified with pernission fram Circu/ation.* 


tPost-treatment arziography was performed 90 minutes following thrombolysis in 
almost all trials. 





(at 90 minutes post-treatment) that is quite compa- 
rable with alteplase and much higher than streptoki- 
nase. The number of patients and mean times from 
pain onset to thrombolytic treatment varied in the 
studies that were included in this review; thus, 
recanalizatior and patency for the various thrombo- 
lytic agents cannot be directly compared. 

Because of high patency rates reported in clini- 
cal trials, one might surmise that the use of agents 
such as alteplase would yield a mortality reduction 
greater than that achieved from the use of streptoki- 
nase. However, patency at a given point in time, 
such as the usual 90-minute measurement, is clearly 
only one factor that determines survival; sustained 
patency may prove to be more important. Interest- 
ingly, an increased likelihood for reocclusion may 
arise with th2 use of alteplase. Specifically, al- 
teplase does not have antiplatelet properties and 
produces only a mild systemic fibrinolysis.° Further- 
more, it has a very short half-life and, thus, reocclu- 
sion is quite Ekely to occur. The reocclusion rate 
with alteplase is approximately 15-20%.’ Reocclu- 
sion following anistreplase administration is approx- 
imately 7-8%, half of that seen with alteplase.®” 
These data may suggest that anistreplase is more 
likely than alteplase to produce sustained patency. 


MORTALITY: THROMBOLYSIS AND 
HEPARINIZAHON 

Other thar. the Third International Study of 
Infarct Survival (ISIS-3; results soon to be pub- 
lished), only one major clinical trial (Gruppo 
Italiano per lo Studio della Sopravvivenza 
nell’Infarto Miocardico [GISSI-2]) has evaluated 
mortality in a head-to-head comparison of throm- 
bolytic agents, namely, streptokinase and al- 
teplase.’*"' More than 20,000 patients were random- 
ized in the GISSI-2 study and associated 
International Study Group to receive either strep- 
tokinase or alfeplase. In addition, patients were 
further randomized to heparin (12,500 U given 
subcutaneously twice a day beginning 12 hours 


TABLE II Heparin Administration in Prethrombolytic Trials of 
Acute Myocardial Infarction 


e 20 trials (5,700 patients analyzed) 

e Heparin >20,000 U daily was administered 
in 90% of patients 

@ Subcutaneous administration in approximately 
50% of patients 

èe Heparir-allocated patients had 
17% lower odds of death versus control 
22% lower odds of reinfarction 
50% lower odds of stroke 





after thrombolytic therapy was initiated) or no- 
heparin treatment groups. Heparin therapy was 
evaluated to assess its effect on the incidence of 
early postinfarction ischemic events and overall 
outcome.” Hospital mortality in alteplase-treated 
patients was 8.9%; mortality in the streptokinase 
group was 8.5%. No difference in mortality was 
detected in patients who received heparin or no 
heparin, although there was an increase in bleed- 
ing in those patients who received heparin. 

One must appreciate that at the time the GISSI-2 
trial was initiated, concern had arisen as to whether 
bleeding complications (including hemorrhagic 
stroke) observed in prior thrombolytic trials were 
heparin-induced rather than attributable to the 
thrombolytic agent alone. Therefore, the use of 
intravenous heparin as adjunctive therapy was 
considered a potential problem. Furthermore, in 
the prethrombolytic era, significant data were avail- 
able to show that subcutaneous heparin reduced 
mortality. In the overview by MacMahon and 
colleagues,” heparin-allocated patients in pre- 
thrombolytic heparin trials had a 17% lower odds 
of death than controls and about half of these trials 
evaluated subcutaneous rather than intravenous 
heparin (Table IJ). It would seem that the route of 
heparin administration has no effect on outcome. 

In trials conducted in the post-thrombolytic era, 
there is also evidence of benefit from subcutaneous 
heparin administration. The Studio sulla Calcipa- 
rina nell-Angina e nella Trombosi Ventricolare 
nell’Infarto (SCATI) trial? evaluated subcutane- 
ous heparin (same dosage used eventually in the 
GISSI-2 trial) versus no heparin. Patients in the 
SCATI trial who arrived at the hospital <6 hours 
after symptom onset received streptokinase. These 
patients were further randomized to receive subse- 
quent subcutaneous heparin or no heparin. The 
mortality rate for patients receiving heparin was 
4.5%; mortality among patients who did not re- 
ceive heparin was 8.8% (p = 0.05). These data 
suggest that subcutaneous heparin benefits pa- 
tients who receive streptokinase. In contrast, no 
randomized clinical trial has evaluated the effect of 
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intravenous heparin on mortality in patients receiv- 
ing thrombolytic therapy. For all of these reasons, 
the heparin protocol in the GISSI-2 trial was an 
appropriate and rational decision. 


RATIONALE FOR HEPARIN ADMINISTRATION 

In patients with AMI, anticoagulation is impor- 
tant in the prevention of reocclusion and, ulti- 
mately, improvement in survival. Patients undergo- 
ing thrombolysis have residual fibrin-bound 
thrombin at the site of the arterial plaque rup- 
ture.” The residual thrombin is highly prothrombo- 
genic; it tends to produce further fibrin formation 
as well as further fibrin cross-linkage that serves as 
a meshwork for clot stabilization. Thrombin also 
activates platelets with subsequent elaboration of 
serotonin and thromboxane A,, which are not only 
vasoconstrictors but activate platelet fibrinogen 
receptors. Finally, the residual fibrin-bound throm- 
bin stimulates the formation of prothrombinase. 
Prothrombinase is a complex formed from Factors 
Va and Xa along with calcium and the phospho- 
lipid surface of the platelet. Prothrombinase, in 
turn, converts prothrombin to thrombin at a rate 
approximately 5 orders of magnitude greater than 
would normally occur in its absence.” In short, 
residual thrombin bound to fibrin at the site of 
arterial injury following thrombolysis is the major 
culprit in producing rethrombosis. Therefore, it is 
of paramount importance to try to use a potent 
antithrombin drug, such as heparin, to prevent 
rethrombosis from occurring through the inactiva- 
tion of thrombin surrounding the clot that is being 
lysed. 

Clinically, one can predict which patients are at 
particular risk for reocclusion after successful reper- 
fusion. Multivariate analysis has shown that inde- 
pendent variables that promote reocclusion in 
patients who had reperfusion and then developed 
subsequent reocclusion included the use of al- 
teplase, reduced coronary blood flow, slow heart 
rate, and the right coronary artery being the 
infarct-related artery." Reocclusion is of particular 
concern because it is associated with an increased 
hospital mortality. In the analysis of a large num- 
ber of patients treated with thrombolytic agents, a 
patent infarct-related artery was associated with a 
mortality of 4%." When the artery reoccluded, 
mortality was 12.8%. It is of interest, in light of the 
heparin controversy surrounding the GISSI-2 trial, 
that the use of alteplase proved to be an indepen- 
dent risk factor for reocclusion. 


HEPARIN AND PATENCY 

To date, no trials have directly compared subcu- 
taneous with intravenous heparin in terms of pa- 
tency or mortality. There are, however, trials that 
have evaluated intravenous heparin as adjunctive 
therapy in maintaining patency, and results have 
been inconsistent. Results from several trials have 
suggested little beneficial influence on maintaining 
patency, ®™ whereas others suggest an important 
influence. 

Among those trials suggesting that maintaining 
patency is of little benefit was the Third Thrombo- 
lysis and Angioplasty in Myocardial Infarction 
(TAMI-3) study, which compared patency 90 min- 
utes after reperfusion with alteplase in patients 
receiving or not receiving intravenous heparin.” 
No differences in patency rates were observed. In 
the Australian Heart Foundation Study, all pa- 
tients received heparin for 24 hours at full dosage.” 
Patients were then randomized to stopping hepa- 
rin and starting aspirin and dipyridamole (each 300 
mg/day) or continuing heparin therapy. At 7 days, 
there was no difference in ultimate patency: pa- 
tency was 80% in both groups. In a trial at the 
Massachusetts General Hospital, 52 patients who 
experienced recanalization following alteplase were 
randomized to receive either an additional 4-hour 
infusion of alteplase (0.8 mg/kg) or heparin (1,000 
U/hr).” Of the 27 patients who received heparin, 5 
experienced reocclusion within 1 hour (angiograph- 
ically documented). Finally, the patency rate in the 
First Thrombolysis in Myocardial Infarction 
(TIMI-I) trial was about twice as good with al- 
teplase compared with streptokinase; however, 
reocclusion with alteplase was 24% and only 14% 
with streptokinase.” Angiographic repeat studies 
were performed between days 5 and 7, and patients 
were receiving full intravenous heparinization until 
repeat angiography was performed. In other words, 
the 24% reocclusion rate that occurred following 
recanalization with alteplase occurred despite the 
presence of intravenous heparin administration. 

Although some data suggest that reocclusion 
occurs in the presence of heparin, a number of 
trials demonstrate benefit from intravenous hepa- 
rin. In a recent trial by Bleich and colleagues,” 84 
patients received alteplase (100 mg/3 hr) with or 
without intravenous heparin (5,000 U bolus fol- 
lowed by 1,000 U/hr). The heparin cohort had a 
patency rate of 71% compared with 43% in the 
controls at a mean of 55 hours. It should be noted 
that this was a comparison of intravenous heparin 
versus no antiplatelet or antithrombotic treatment; 
therefore, it is an inappropriate protocol design in 
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terms of clin-cal relevance. In the Heparin-Aspirin 
Reperfusion Trial (HART),” heparin (5,000 U 
bolus, followed by 1,000 U/hour infusion) and 
aspirin (80 mg/day) was given to the control group 
(Figure 1). Tris dosage of aspirin was used because 
there are data in normal volunteers to suggest that 
low-dose asp_rin is capable of inhibiting thrombox- 
ane A, synthesis.” However, the aspirin was swal- 
lowed and not chewed. Furthermore, this dosage 
of aspirin has never been shown to be appropriate 
in the acute infarct setting, where absorption of 
aspirin in the presence of a reduced cardiac output, 
and presumably splanchnic blood flow, may not be 
optimal. Finally, one would expect tremendous 
platelet stimulation and aggregation from fibrin- 
bound thrombin after plaque rupture and treat- 
ment with thrombolysis. Thus, the amount of 
aspirin that may be necessary to inhibit thrombox- 
ane A, formation is likely to be significantly higher 
than what is mecessary in normal volunteers. 

A significant number of patients (652) were 
randomized to receive either heparin or placebo in 
the trial of tte European Cooperative Group.” In 
this trial the maintenance dosage of aspirin was 
low, but the majority of patients received an initial 
intravenous cose of 250 mg of aspirin. The patency 
rate among those treated with heparin was 83%; 
the patency zate among those who just received 
aspirin was 75%. It is interesting that the differ- 
ence in this trial between heparin and aspirin was 
relatively small, with aspirin levels that were ade- 
quate during the first 24-48 hours. Assuming also 
that patients in GISSI-2 who received alteplase 
and subcutanzous heparin reoccluded at a rate as if 
they had received no heparin, one can speculate on 
what mortalizy would have been had intravenous 
heparin been used with the European Cooperative 
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Figure 1. Heparin versus aspirin (80 mg daily) following 
thrombolysis with alteplase. *Mean was 18 hours. 
(Adapted from ¥ Engi J Med.) 
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Group reocclusion results. If one assumes that 
there is a 20% mortality rate among patients with 
occluded arteries (rather than open arteries), mor- 
tality in the aiteplase cohort randomized to subcu- 
taneous heparin would have been approximately 
7.5% in GISSI-2. This is not significantly different 
from the 7.9% mortality seen in the cohort receiv- 
ing streptokinase and subcutaneous heparin in the 
trial, even without correcting for any benefit that 
might have occurred from using intravenous hepa- 
rin. 

It is clear that heparin is an important drug and 
ideally should be used intravenously as guided by 
the activated partial thromboplastin time. How- 
ever, it may not prevent reocclusion, even with full 
doses; furthermore, it may increase the occurrence 
of major bleeding. Obviously, better antithrombin 
drugs need to be developed. Weitz and colleagues” 
recently looked at the difference between fluid- 
phase heparin and other independent inhibitors of 
antithrombin III on clot-bound thrombin activity. 
With heparin, approximately a 20-fold higher con- 
centration was necessary to block approximately 
70% of clot-bound thrombin activity than was 
needed for equivalent inhibition of thrombin in 
plasma (Figure 2). This is not true, however, for 
other antithrombin drugs that tend to work with 
somewhat different mechanisms (e.g., hirugen or 
p-phenylalanyl-prolyl-arginine-chloromethyl]-ke- 
tone [PPACK]).”° Thus, compared to some of the 
newer experimental antithrombin drugs, heparin is 
relatively ineffective in preventing the thrombo- 
genic effects of clot-bound thrombin. 

Finally, a systemic fibrinolytic state is an impor- 
tant adjunct in the prevention of reocclusion. 
Intuitively, one may think that a systemic fibrino- 
lytic state is to be avoided. In reality, systemic 
fibrinolysis may prove to be desirable. When we 
look at alteplase, which produces only a mild 
systemic lytic state, and compare the coagulation 
status of patients who developed reocclusion to 
those who did not, those with reocclusion had less 
of a change in plasma fibrinogen. These patients 
also displayed an increase in fibrin degradation 
products, which, in themselves, are anticoagulants. 
In other words, when you give alteplase and get 
more of a systemic fibrinolytic state (although it is 
relatively small compared with that produced by 
streptokinase), you are less likely to get reocclusion 
than if you produce less of a systemic fibrinogene- 
mia.” Similarly, in recent studies of anistreplase, 
patency was maintained in patients who demon- 
strated a true lytic state. However, in patients 
who failed to achieve a lytic state, adequate pa- 
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Figure 2. Effects of heparin on = 
fluid-phase versus clot-bound ina Hlon 60 
thrombin activity. (Reprinted with (%) 


permission from J Clin Invest.”*) 


tency was not seen. These observations suggest 
that an ideal drug or a combination of drugs should 
have both a clot-specific activity that produces an 
early high patency rate and the capability of produc- 
ing a subsequent sustained lytic state. Anistreplase 
is relatively fibrin-specific and induces a prolonged 
systemic state. We also know that the combination 
of alteplase and urokinase produces a small reocclu- 
sion rate, significantly better than we see with 
either drug alone.” A pilot study by Grines and 
colleagues” reported that patients receiving half- 
dose alteplase and full-dose streptokinase experi- 
enced a very low reocclusion rate. In an ongoing 
mortality study (GUSTO), 40,000 patients will be 
randomized to receive either streptokinase, al- 
teplase, or the combination of streptokinase and 
alteplase. It will be interesting to see if this latter 
group does better. 


CONCLUSIONS 

Obviously, much work with antithrombin and 
antiplatelet agents to prevent reocclusion will be 
done in the future. Specific glycoprotein HB/IHA 
receptor blockade (either with monoclonal antibod- 
ies or with peptide sequences), the combination of 
thromboxane and serotonin receptor blockade, 
antibodies to von Willebrand factor, and prostaglan- 
dins, which inhibit platelet activity, are candidates 
for serious investigation. There is a recombinant 
DNA approach, the use of tissue plasminogen 
activator—antifibrin antibody combination (uroki- 
nase and platelet antibody proteins), antithrombin 
drugs (hirudin, hirugen, argatroban, PPACK), and 
activated protein C. The tick anticoagulant peptide 
is an interesting specific Factor Xa inhibitor and 
interrupts the coagulation process. These are all 
the subject of active investigations looking at the 
problem of reocclusion with the hope that we will 
reach a point where we not only have prolonged 
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patency but can prevent reocclusion and thereby 
decrease mortality further with the use of thrombo- 
lytic therapy. 
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Use of Left Ventricular Function as an 
_End Point of Thrombolytic Therapy 


Jean-Pierre Bassand, mc, Thierry Anguenot, mD, Jean Cassagnes, MD, Jean-René Lusson, MD, 
Jacques Machecourt, mp, Jean-Eric Wolf, MD 


in recent acute myocardial infarction, early 
reperfusion of the infarct-related artery by intrac- 
oronary or intravenous thrombolytic therapy in- 
duces a Significant limitation of infarct size, pro- 
vided reperfusion occurs within a time frame that 
myocardial salvage can stil be expected. Limita- 
tion of infarct size reduces scar tissue formation, 
aneurysm formation, infarct zone expansion, left 
ventricular volume enlargement, and eventually 
results in higher left ventricular ejection fraction. 
infarct size limitation and left ventricular function 
preservation occur with all thrombolytic agents 
currently in clinical use: streptokinase, alteplase 
and, more recently, anistreplase. When anis- 
treplase is compared with conventional heparin 
therapy, a 31% reduction in infarct size is found 
(estimated from single photon emission com- 
puted tomography, or SPECT). This translates into 
a significant preservation of left ventricular ejec- 
tion fraction as observed in anistreplase-treated 
patients compared with heparin-treated patients 
(0.530.13 vs 0.47+0.12, p < 0.002). In compara- 
tive trials of 2 thrombolytic agents, anistreplase 
was demonstrated to be as efficient as alteplase 
on left ventricular ejection fraction preservation 
and infarct size limitation. 

(Am J Cardiol 1991;67:23E-—29E) 
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he main goal of thrombolytic therapy in 
l acute myocardial infarction (AMI} has been 
and continues to be the reduction in imme- 
diate and long-term mortality. Therefore, the pri- 
mary end point that should be considered when 
assessing the efficacy of a given thrombolytic agent 
is the extent to which it influences mortality. 
However, estimating differences in mortality be- 
tween 2 therapeutic options involves large trials. 
Several hundred patients and, in some instances, 
several thousand patients have been involved in 
various clinical trials comparing the thrombolytic 
agents currently in clinical use.'’ For many reasons 
(e.g., economic), one can assume that in the future, 
undertaking mega-trials for the development of 
any new thrombolytic agent or any new combina- 
tion of thrombolytic agents will become increas- 
ingly difficult. 

Early reperfusion of an infarct-related artery 
induces myocardial salvage, which leads to reduced 
mortality.* Therefore, assessment of reperfusion 
(and/or patency), reocclusion, left ventricular func- 
tion preservation, and/or infarct size limitation as 
intermediate end points of the efficacy of thrombo- 
lytic agents is very tempting. The size of trials 
required for the study of such clinical end points is 
far smaller than that required for mortality studies. 

These intermediate end points have been exten- 
sively used in the past and will probably continue to 
be used in the future. Among these intermediate 
clinical end points, myocardial salvage, left ventric- 
ular function preservation, and/or infarct size limi- 
tation are particularly important. In the past, left 
ventricular function, among other factors, has been 
shown to be a strong predictor of late outcome 
after myocardial infarction. In addition, left ventric- 
ular function preservation and infarct size limita- 
tion (due to early reperfusion of the infarct-related 
artery) were powerful determinants of mortality 
reduction. The purpose of this review is to analyze 
the efficacy of thrombolytic agents in terms of left 
ventricular function and myocardial salvage. 
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LEFT VENTRICULAR FUNCTION AS A 
PREDICTOR OF OUTCOME IN MYOCARDIAL 
INFARCTION 

In the pas: 2 decades, several reports have been 
published on left ventricular function as a predic- 
tor of long-term outcome following AMI. As early 
as 1973, Bruschke and colleagues’ showed that the 
annual mortality rate from AMI was related to the 
contractile szate of the left ventricle and the 
number of vessels involved. More recently, left 
ventricular ej2ction fraction has been shown to be a 
strong predictor of late outcome. De Feyter and 
associates’ showed that the mortality rate in survi- 
vors of a first AMI was 22% over a 28-month 
follow-up period in patients with predischarge left 
ventricular ej2ction fraction <30%, whereas it was 
only 1% in patients with predischarge left ventricu- 
lar ejection fraction > 30%. Similarly, in the Multi- 
center PostinZarction Research Group’ and in the 
study by Fioretti and colleagues,’ left ventricular 
ejection fractzon (<40%) was identified as a factor 
of poor progrosis. An inverse exponential relation 
was found between predischarge left ventricular 
ejection fraction at hospital discharge and 1-year 
mortality rate: the lower the ejection fraction, the 
higher mortality rate (Figure 1).’ 

Finally, in a study of 259 patients (followed up 
for an average of 34 months), Cox regression 
analysis ident:fied left ventricular ejection fraction 
as the strongest predictor of late outcome.” In this 
series, other variables (among which end-diastolic 
volume also was shown to be a predictor of late 
outcome), higher left ventricular volume was asso- 
ciated with a higher mortality rate. The importance 
of left ventricular volume as a predictor of late 
outcome was demonstrated by White and col- 
leagues,’ who further confirmed the prominent 
prognostic contribution of left ventricular function 


after AMI. They followed up 605 patients for 78 
months and showed that end-systolic volume was a 
more sensitive predictor of outcome than left 
ventricular ejection fraction. It is clear that left 
ventricular function is an important predictor of 
mortality in patients with AMI. 


ASSESSMENT OF MYOCARDIAL SALVAGE 
AFTER THROMBOLYTIC THERAPY 

In humans, measurements of myocardial sal- 
vage produced by a therapeutic intervention in 
AMI imply that either infarct size, recovery of left 
ventricular function, or both are estimated within 
hours or days after the administration of therapy. 
Conflicting results concerning myocardial salvage 
have been published. In most cases, methodologic 
considerations have limited the validity of the 
estimation of myocardial salvage. Indirect measure- 
ments of infarct size can be obtained from enzyme 
release” or from changes in the electrocardio- 
gram.” Although these methods are widely used, 
they are probably less precise than direct estima- 
tion of thallium defect size in the area of the left 
ventricular wall that is jeopardized by the ischemic 
process. First introduced with thallium scans,” this 
technique has subsequently been tested and vali- 
dated in laboratory animals with single photon 
emission computed tomography (SPECT), which 
allows a more accurate delineation of the defect 
size than thallium scans. Maublant and associates” 
developed a method with SPECT in which defect 
size is measured by summation of the number of 
pixels belonging to normal myocardium or to the 
defect on all of the scan sections passing through 
the myocardium. Infarct size is then expressed as a 
percentage of the entire myocardial volume. This 
method has allowed accurate determination of 
infarct size in laboratory animals.” In the clinical 
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Figure 1. Inverse exponential re- 
lation linking left ventricular (LV) 
ejection fraction at hospital dis- 
charge to 1-year mortality rate. 
Reprinted with permission from J 
Am Coll Cardiol.’. 
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field, this method has been used for estimating 
infarct size with an excellent reproducibility and 
low interobserver and intraobserver variabilities.® 
Similar methods derived from thallium-201 scintig- 
raphy (using planar projections or tomographic 
sections) have also been used.'”’* More recently, 
tracers other than thallium have been tested.” 

Direct estimation of infarct size from SPECT 
contains known limitations linked to the pharmaco- 
kinetics of thallium-201 in the normal and ischemic 
myocardium. Experimental data have shown that 
myocardial defect size varies over time and that 
very early measurements may lead to incorrect 
estimations of infarct size. It is known from 
experimental data that timing of thallium adminis- 
tration after restoration of coronary blood flow will 
greatly influence uptake, washout patterns, and, 
therefore, perceived defect size.” Soon after reper- 
fusion, an excessive thallium uptake occurs in the 
infarct zone due to increased blood flow. Because 
initial uptake is related to blood flow (whereas 
redistribution is a marker of cell viability), redistri- 
bution images more appropriately reflect the ac- 
tual infarct zone than the images taken soon after 
the infusion of thallium (if imaging is undertaken 
within hours following reperfusion).” Moreover, 
full recovery of metabolism and function within the 
infarct zone may be delayed as long as 10-12 days 
after reperfusion." 

In the clinical field, serial studies have shown 
that defect size in reperfused patients decreases 
from measurements made within the first hours to 
those made on the fourth day, and even those 
performed during the sixth week.” This phenome- 
non may indicate that in these patients, persistent 
defects are not related to an irreversibly damaged 
myocardium, but rather to severe ischemia, and 
recovery of thallium uptake in the ischemic area 
may still occur after several days. Therefore, it is 
recommended that the defect size be estimated 
long after reperfusion has occurred and preferably 
from redistribution images to avoid any possible 
bias in estimating infarct size. Optimal timing to 
perform studies may well be during the second 
week after symptom onset.” 

Because a relation exists between infarct size 
and left ventricular function, measurements of left 
ventricular function provide valuable, although 
indirect, information concerning the mass of the 
infarcted myocardium.” However, for many rea- 
sons, it is mandatory to analyze regional as well as 
global left ventricular function to avoid any misin- 
terpretation of data. Regional contraction patterns 
in a noninfarcted area greatly influence the accu- 


racy with which the left ventricular ejection frac- 
tion indicates the severity of the depressed contrac- 
tility in the infarcted zone. Regional function can 
be enhanced or, on the contrary, depressed in the 
noninfarcted area during the first days of the 
evolution of the AMI.” Global left ventricular 
ejection fraction is the result of complex interac- 
tions between the infarcted region wali motion and 
the noninfarcted region. Therefore, for a correct 
appreciation of the potential beneficial effects of 
myocardial reperfusion, measuring regional wall 
motion with angiography, radionuclide angiogra- 
phy, or even with 2-dimensional echocardiography 
(in addition to the global left ventricular ejection 
fraction) is mandatory. Moreover, these measure- 
ments are essential to have an accurate idea of the 
actual amount of myocardium destroyed by both 
the ischemic process and reperfusion lesions. 

Timing of the evaluation of left ventricular 
function also is of major importance. For reasons 
previously mentioned, full recovery of contraction 
in the reperfused area occurs only 10-12 days after 
reperfusion.” A longer duration of ischemia is 
associated with a longer delay before full recov- 
ery.” Estimates of residual left ventricular function 
should therefore be delayed up to the end of the 
second week following symptom onset.” Delaying 
the measurement of residual left ventricular func- 
tion may increase the risk of missing values due to 
death or patients lost to follow-up. Therefore, 
when dealing with left ventricular function as an 
end point, missing values must be given the worst 
score if they are not equally distributed between 
the 2 series under consideration.” 


CURRENT RESULTS WITH VARIOUS 
THROMBOLYTIC AGENTS 

Streptokinase: Various trials have failed to 
show significant differences in left ventricular func- 
tion between patients receiving streptokinase and 
patients receiving placebo. In the Western Wash- 
ington Intracoronary Streptokinase Trial,” differ- 
ences in left ventricular ejection fraction and in- 
farct size were not significant. However, patients in 
this study were randomized up to the 12th hour 
following symptom onset. This time for randomiza- 
tion was far beyond the time window during which 
myocardial salvage and left ventricular function 
preservation from reperfusion can be expected.” 

Conversely, in trials in which the inclusion 
period was <6 hours following symptom onset, 
preservation of left ventricular function and reduc- 
tion in left ventricular volume were significant. In 
the Netherlands Interuniversity Cardiology Insti- 
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tute Trial (intracoronary streptokinase versus pla- 
cebo),” left ventricular ejection fraction was signif- 
icantly higher and left ventricular volume was 
significantly lower in the therapeutic group than in 
the placebo group. Similarly, a significant preserva- 
tion of left ventricular function after administra- 
tion of intravenous streptokinase was found in the 
ISAM study’ and in the study of White and 
colleagues.” 

In the Western Washington Intravenous Strep- 
tokinase Trial, the difference in left ventricular 
ejection fraction was highly significant in patients 
with anterior wall infarction but not in those with 
inferior wall infarction. However, in the whole 
population, tre difference in left ventricular ejec- 
tion fraction was minimal.” Interestingly, only a 
fraction of th2 population was studied in this trial. 
In a small, zomparably designed trial,” similar 
results in terms of improved left ventricular ejec- 
tion fraction and lower left ventricular volume 
were observed in the subgroup of patients with 
anterior wall nfarction compared with the patients 
in the placebo group. 

Alteplase: Most of the trials in which alteplase 
(tissue plasminogen activator) was used for an 
analysis of left ventricular function have demon- 
strated that this thrombolytic agent is capable of 
inducing a limitation of infarct size or preservation 
of left ventricular function. In the National Heart 
Foundation of Australia Coronary Thrombolysis 
Group,” 144 patients were randomized (within 4 
hours after symptom onset) to 100 mg alteplase or 
placebo. Lef: ventricular ejection fraction was 
significantly righer in patients receiving alteplase 
(57.7 vs 51.7, p = 0.04). The difference in anterior 
wall infarction was higher (52.7 vs 40.0, p = 0.02). 
In a comparably designed trial“ of 145 patients 
(<2.5 hours after symptom onset), similar results 
were reported. Left ventricular ejection fraction, 
estimated from contrast and radionuclide ventricu- 
lography, was significantly higher in the therapeu- 
tic group (61+13 vs 54414, p = 0.06) at 3 weeks. 
The improvement of left ventricular ejection frac- 
tion was higner in patients with anterior wall 
infarction. 

Data from the European Cooperative Study 
Group,” in which more than 700 patients were 
randomized, showed a 20% reduction in infarct 
size and a significant preservation of left ventricu- 
lar ejection fraction. The difference in left ventric- 
ular ejection “raction between alteplase- and pla- 
cebo-treated patients, although statistically 
significant, was relatively low. However, the percent- 
age of missing data concerning left ventricular 


ejection fraction in this study was high, approxi- 
mately 20% of the study population. 

Anistreplase: Myocardial salvage has been esti- 
mated in several studies using very different meth- 
ods, which have sometimes produced conflicting 
results. In their first report, Been® and coworkers 
randomly allocated 32 AMI patients to placebo or 
to anistreplase (anisoylated plasminogen-streptoki- 
nase activator complex [APSAC]) within 3 hours 
following symptom onset. Left ventricular systolic 
function was measured from radionuclide angiogra- 
phy before hospital discharge. In patients with 
anterior wall infarction, left ventricular ejection 
fraction was higher in the anistreplase group than 
in the placebo group (37% vs 23%). The difference 
was not significant in patients with inferior wall 
infarction. 

In an open study,” 73 patients were submitted 
to conventional therapy (controls) and 76 patients 
were submitted to thrombolysis with anistreplase 
within 4 hours following symptoms onset. Myocar- 
dial salvage was assessed by means of total creatine 
kinase (CK)-isoenzyme release and QRS score. In 
the anistreplase group, a 12% reduction in the 
ORS score was observed. The difference was more 
important in patients who received anistreplase 
within 2.5 hours following the symptom onset. In 
contrast, no reduction in total CK-isoenzyme re- 
lease was found. 

In the German Multicenter Trial of anistreplase 
and heparin, global and regional ejection fractions 
were estimated.” Patients (313) were randomly 
allocated (within 4 hours following symptom onset) 
to heparin or to anistreplase (30 U). No difference 
in global or regional ejection fraction measured at 
week 3 was found between the 2 treatment groups, 
although a significant reduction in mortality was 
observed at week 4. Similarly, no difference in the 
enzyme release appeared between the 2 groups. 

In the APSAC in Myocardial Infarction study, 
231 patients were randomized (within 5 hours 
following symptom onset) to heparin or to anis- 
treplase (30 U) according to a double-blind, double- 
dummy procedure.” At early analysis, left ventricu- 
lar ejection fraction was significantly higher in the 
anistreplase group than in the heparin group (53% 
vs 47%, p <0.002); this was true for the anterior 
infarct subgroup (47% vs 40%, p <0.04) and the 
inferior infarct subgroup (56% vs 51%, p <0.03) 
(Figure 2). At late evaluation (3 weeks after 
symptom onset), however, part of the difference 
observed at early estimation was offset. The differ- 
ence in left ventricular ejection fraction between 
the 2 treatment groups remained significant for the 
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Figure 2. Results of the left ventricular ejection fraction 
determined on average on day 4 from contrast angiogra- 
phy. Left ventricular (LV) ejectian fraction is significantly 
higher in the anistreplase groug than in the heparin group 
(*p <0.01). Overail=whole group; AMi-acute myocardial 
infarction. 


study population as a who.e and for the anterior 
infarct subgroup. However, the difference between 
anistreplase and heparin patients had vanished in 
the inferior infarct group. Significant differences 
were observed in regional wall motion between the 
2 treatment groups, name.y, in the anterior and 
septal areas in the anterior infarct subgroup and in 
the septal area in the inferior infarct subgroup. 
Infarct size was significartly lower in the anis- 


Figure 3. Results of infarct size. 
The difference between the 2 
treatment groups is significant in 
the whole group as well as in the 
subgroup of anterior Infarcts Infarct 
(*p < 0.01). Conversely, in the Size 
inferior infarcts the difference ts (%) 
not significant. SPECT=single 
photon emission computed to- 
mography. 
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Figure 4. Close inverse linear re- 
lation linking infarct size and left 
ventricular (LV) ejection fraction 





treplase group than in the heparin group. This was 
true for the whole group and for the anterior 
infarct group but not for the inferior infarct group 
(Figure 3). A strong relation was found between 
left ventricular ejection fraction and infarct size, 
measured at 3 weeks, in both treatment groups 
(Figure 4). 


COMPARISON AMONG THROMBOLYTIC AGENTS 

Few studies have compared the efficacy of 
different thrombolytic agents with left ventricular 
function as an end point. In the First Thrombolysis 
in Myocardial Infarction (TIMI-I) study,” no signif- 
icant difference in left ventricular ejection fraction 
was observed in patients randomized to alteplase 
or streptokinase. In a comparison of the respective 
efficacy of alteplase (100 mg over 3 hours) and 
intravenous streptokinase (1.5 x 10° U over 30 
minutes), investigators failed to find any significant 
difference in terms of left ventricular ejection 
fraction and left ventricular volume between the 
groups.” Similarly, in the Plasminogen Activator 
Italian Multicenter Study (PAIMS),” differences 
in terms of left ventricular ejection fraction were 
not significant in patients receiving streptokinase 
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at the third week. The slope of 
the relation is steeper In the aris- LV 
treplase group than in the hepa- Ejection 


rin group because left ventricuiar 
ejection fraction is higher and fhe 
infarct size is lower in the former 
than in the latter treatment 
group. 
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or alteplase. Interestingly, the percent change of 
left ventricular ejection fraction from admission to 
hospital discharge was higher in the alteplase 
group than in the streptokinase group. 

In the firs: direct comparison of alteplase and 
anistreplase (100 mg over 3 hours and 30 U over 5 
minutes, respectively), we failed to find any signifi- 
cant difference in terms of left ventricular ejection 
fraction and infarct size between the 2 therapeutic 
regimens among 183 randomized patients. Both 
drugs were shown to be equally efficient, in terms 
of infarct siz2 and left ventricular function, and 
equally safe im terms of bleeding complications and 
side effects.” 


CONCLUSIONS 

Estimatior of the beneficial effects of early 
reperfusion with thrombolytic agents on infarct 
size and left ventricular function is an important 
issue in patients with AMI. The size of the trials 
required to eddress such an issue is far smaller 
than what is necessary to demonstrate an improved 
survival. Left ventricular function studies must 
preferably be carried out several days after symp- 
tom onset because full recovery of myocardial 
function and metabolism is delayed by 10-12 days 
after the occurrence of reperfusion. For similar 
reasons, myccardial perfusion studies must be 
performed long after reperfusion has occurred to 
avoid any uncerestimation of the myocardial thal- 
lium defect aad, thus, to avoid any misinterpreta- 
tion of infarct size and myocardial salvage. 

In the clinical field, streptokinase, alteplase, and 
anistreplase significantly reduce infarct size and 
preserve left ventricular function when compared 
with conventional therapy. Similarly, in trials in 
which 2 thrombolytic agents are compared, no 
significant differences in terms of myocardial sal- 
vage are observed. Anistreplase is as efficient as 
alteplase on left ventricular ejection fraction pres- 
ervation and infarct size limitation. 
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Comparative Safety of Thrombolytic Agents 


Harvey D. White, MB, ChB, FRACP 


Three availakle thrombolytic agents, streptoki- 


nase, alteplase, and anistreplase, have been 
shown to have similar effects on preservation of 
left ventricular function and mortality reduction 
after acute myocardial infarction (AMI). The 
agents are, however, quite different with respect 
to their safety profiles. Clinical trials to date sug- 
gest that alteplase (tissue plasminogen activa- 
tor) or anistreplase administration is associated 
with a high insidence of cerebral hemorrhage. In 
contrast, streptokinase is associated with a low 
rate of cereb-al hemorrhage. Streptokinase and 
anistreplase are associated with a higher risk of 
allergic reaction when compared with alteplase. 
Hypotension is also more common with streptoki- 
nase and anistreplase, but occurs significantly 
with alteplase as well. Akteplase is associated 
with a lower reinfarction rate when compared 
with streptokinase and anistreplase. The Third 
International Study of infarct Survival (ISIS-3), a 
direct compaz:ison of 3 thrombolytic agents 
(streptokinase, anistreplase, and duteplase), 
may provide some insight regarding the safety of 
these agents. Because these agents have been 
shown to be equally effective, selection of an ap- 
propriate agent for an individual patient may de- 
pend more on assessment of the likelihood of an 
adverse event or other factors, such as cost or 
convenience >f administration, rather than as- 
sessment of the probability of greater benefit 
with a particular agent. 

(Am J Cardiol 1991;67:30E—37E) 
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activator [t-PA]), and anistreplase (anisoy- 

lated plasminogen streptokinase activator 
complex [APSAC]) all lyse clots by producing 
plasmin and have been shown to have the same 
effects on reduction of mortality’® and preserva- 
tion of left ventricular function after acute myocar- 
dial infarction.”* These agents differ, however, in 
terms of allergy, hypotension, bleeding, and stroke 
incidence. Large, randomized, comparative trials 
have also shown differences in reinfarction rates 
among these drugs.”° There is considerable contro- 
versy as to whether the mortality benefit with each 
agent may be different with different dosing and 
heparin regimens.’ A large, comparative trial is 
currently in progress to evaluate specific thrombo- 
lytic and heparin regimens. The purpose of this 
review is to compare and contrast the safety pro- 
files of thrombolytic agents in terms of stroke, 
bleeding, allergy, hypotension, reinfarction, and 
mortality. 


À treptokinase, alteplase (tissue plasminogen 


SAFETY OF THROMBOLYTIC THERAPY 

Comparisons with control treatment: Overall, 
thrombolytic therapy has been shown to be surpris- 
ingly safe, given the standard contraindications for 
treatment. As thrombolytic therapy began to be 
widely used in the community, there was consider- 
able concern about major bleeding, cerebral hem- 
orrhage, reperfusion arrhythmias, and reinfarc- 
tion. Consequently, it was thought that patients 
would need to be treated in tertiary centers with 
facilities for acute angioplasty. 

Fortunately, clinical trials have shown that the 
benefits of thrombolytic therapy far outweigh the 
risks in most groups of patients. The incidence of 
major bleeding (requiring transfusion and in the 
absence of cardiac catheterization) after adminis- 
tration of a thrombolytic agent is <1%.** Al- 
though the incidence is relatively low, cerebral 
hemorrhage continues to be a major concern. In 
the Second International Study of Infarct Survival 
(ISIS-2), however, treatment with streptokinase 
did not increase overall stroke rates, since the 
incidence of thrombotic and ischemic stroke was 
decreased (Table I).’ Reperfusion arrhythmias have 
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TABLE I Percentage of Adverse Events in IS!S-2? 


Straptokinase Placebo 
{n = 8,490) {n = 8,491) 









Event Difference 





Cardiac arrest 





Hemorrhagic 


Other 0.63 0.79 -0.2 
Any 0.71 0.79 —0.1 
Bleeding 0.5 0.2 +0.3 
Reinfarction 2.8 2.4 +0.4 





VF = ventricular fibrillation. 


not been troublesome and do not require special 
treatment. In ISIS-2, streptokinase therapy was 
associated with a reduction in cardiac arrest during 
hospital admission (Table I). Antithrombotic ther- 
apy with aspirin following administration of throm- 
bolytic agents has resulted in reinfarction rates (at 
1 month) of <5%. In contrast, randomized trials 
have shown that angioplasty does not reduce the 
incidence of reinfarction and should be reserved 
for symptomatic patients. Major allergy (anaphy- 
laxis) following thrombolytic therapy has been 
rare. 

Comparison among agents: The frequency of 
adverse events with thrombolytic agents is low. 
However, conclusions cannot be drawn from small, 
noncomparative trials. Comparisons need to be 
made in large numbers and in the same types of 
patients. The Second Gruppo Italiano per lo Stu- 
dio della Sopravvivenza nell’Infarto Miocardico 
(GISSI-2)/International study’ and ISIS-3° have 
been able to provide important comparative data. 
Although it is possible that some underreporting of 
adverse events may exist in large mortality trials, 
there should be no bias in terms of the thrombo- 
lytic agent involved. 


TABLE Ii Incidence of Total Stroke and Intracranial Hemorrhage 


Streptokinase 


All (excluding GISSI-2 and |SIS-3) 
Number of patients 
Tota! stroke (%) 
intracranial hemorrhage (%) 


GISSI-2/international Study’ 
Number of patients 
Total stroke (%) 
Intracranial hemorrhage (%) 


ISIS-3°* 
Number of patients 
Totai stroke (%) 
Intracranial hemorrhage (%) 





Stroke: Whether fatal or disabling, stroke is the 
most devastating adverse effect of thrombolytic 
therapy. For this reason, patients at high risk, such 
as those with a history of previous or recent stroke 
or hypertension on admission, have usually been 
excluded from clinical trials. 

Prior to the thrombolytic era, stroke occurred in 
1.7-2% of patients, was more common in patients 
with anterior infarctions, and cerebral hemor- 
rhage was rare. In the thrombolytic era, the re- 
ported incidence of stroke has been lower, possibly 
due to exclusion of high-risk patients. Depending 
on the frequency of computed tomography scan- 
ning, intracerebral bleeding has become a much 
more common cause of stroke. 

In the Thrombolysis in Myocardial Infarction 
(TIMI) trial, the cerebral hemorrhage rate was 
unacceptably high following alteplase 150 mg, a 
higher-than-recommended dose. Comparison be- 
tween thrombolytic agents in the present discus- 
sion is with the standard recommended doses. 
Although concomitant use of aspirin or heparin 
may have different effects on the frequency of 
adverse effects with the different thrombolytic 
agents, these differences are likely to be small. 

Prior to the preliminary report of ISIS-3 compar- 
ing the 3 agents,° analysis of more than 50,000 
patients showed that streptokinase had a low 
intracerebral hemorrhage rate (0.17%), an- 
istreplase had an intermediate rate (0.3%) 7°73! 
and alteplase a high rate (0.49%), 55-8 with the 
total stroke frequency 2-3 times higher for each 
agent (Table II). Because the populations and 
reporting rates may be different in trials that are 
not direct comparisons between the agents, these 
incidences should not be interpolated as showing 
statistical differences. 

In the direct comparison of alteplase and strep- 


Percentage 


Alteplase Anistreplase p Value 


*Duteplase was used in this study instead of alteplase. 
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tokinase by zhe GISSI-2 and International Study 
groups, the ncidence of total stroke was higher 
in alteplase-treated patients (1.33% vs 0.94%, 
p <0.01).° In this trial, there appeared to be a 
difference between the agents in terms of total 
stroke risk :n patients >70 years of age. For 
patients <70 years of age, the stroke rates were 
0.8% for streptokinase and 0.9% for alteplase, 
whereas for patients > 70 years of age, stroke rates 
were 1.6% foz streptokinase and 2.7% for alteplase 
(p=0.02).” 

As shown n the large mortality trials comparing 
various thrombolytic agents to placebo or control, 
the benefits cf thrombolytic therapy are greater in 
the elderly.“ No excess of total stroke or cerebral 
hemorrhage with streptokinase therapy compared 
with placeba was observed in older patients in 
ISIS-2’. Elderly patients should not be denied 
thrombolytic therapy. A lower incidence of stroke 
may be observed if streptokinase is used instead of 
alteplase in this population. 

In ISIS-3, the total stroke rate was lowest in 
streptokinase-treated patients (1.1%) (Table II). 
Duteplase (t-PA; Burroughs Wellcome) and anis- 
treplase were associated with a similar incidence of 
stroke (1.5%). The incidence of ischemic stroke 
was similar fcr each of the 3 agents, with the excess 
for duteplase and anistreplase being due to early 
cerebral hemorrhage.’ 

Stroke and heparin therapy: In the GISSI-2/ 
International Study, patients were randomized 12 
hours after initiation of thrombolytic therapy to 
either no heparin or heparin (12,500 U subcutane- 
ously twice deily for 1 week).° Heparin therapy was 
not associated with an increase in either hemor- 
rhage or total stroke. In ISIS-3, patients who 
received heparin (12,500 U subcutaneously twice 
daily) were randomized 4 hours after beginning 
thrombolytic therapy with streptokinase, duteplase, 
or anistreplase.° Heparin did not increase the total 
stroke inciderce (minus 1 stroke per 1,000 patients 
treated), but it did increase the incidence of 
cerebral hemcrrhage by 2 per 1,000 patients treated. 

Heparin therapy is likely to have its greatest 
benefit (and risk) when administered (intrave- 
nously) early, by decreasing the incidence of reoc- 
clusion of reserfused infarct-related arteries.” ® 
Heparin also decreases the incidence of left ventric- 
ular thrombi and is likely to have its greatest 
benefit in patients with large anterior infarctions 
where the incidences of mural thrombi and sys- 
temic emboli are highest.” In patients with small 
inferior infarctions, the adverse risks of heparin 
will be the same, but the benefits will be much 





smaller. Benefits and risks of heparin therapy for 
patients with anterior infarctions versus patients 
with inferior infarctions have not been presented 
as yet for either the GISSI-2/International Study 
or ISIS-3. 

Stroke and disability: From the viewpoint of 
the patient, the etiology of the stroke, whether 
hemorrhagic or ischemic, is irrelevant. What is 
important is whether these patients survive and 
whether they are left with significant disability. 

In large mortality trials, transient ischemic at- 
tacks lasting <24 hours have not been recorded 
routinely. Both the GISSI-2/International Study 
and ISIS-3 recorded the number of patients with 
disabling stroke and those who made a full recov- 
ery (data yet to be reported). In ISIS-2, 61 streptoki- 
nase-treated patients experienced stroke; 24 pa- 
tients died (39%), 17 (28%) were disabled at 
discharge (degree of disability not classified), and 
20 (33%) made a full recovery.’ If the same 
frequencies are applied to the GISSI-2/Interna- 
tional Study and ISIS-3, it is probable that of the 4 
excess strokes per 1,000 patients noted with al- 
teplase (duteplase) and anistreplase, 2 died and 
were already counted in the figures for total mortal- 
ity, 1 patient survived with disability, and 1 patient 
made a full recovery. Therefore, the difference 
between the agents may be 1 disabling stroke per 
1,000 patients treated. 

Bleeding: Although bleeding and transfusion 
are undesirable and can be associated with morbid- 
ity, this is usually not the case in patients receiving 
thrombolytic therapy. Reduction of fibrinogen fol- 
lowing thrombolytic therapy has not been related 
to bleeding risk.” Most often, bleeding is due to the 
lysis of hemostatic plugs formed at sites of previous 
vascular trauma; the incidence of systemic bleeding 
has usually been similar with the different agents 
(Table III). The incidence of bleeding relates to 


TABLE Iil Major Bleeding (requiring transfusion) with 
Thrombolytic Therapy 


Trial Agent Major Bleeding (%) 


GISSI-1! 

ISIS-2? 

AIMS? 

ASSET* 
GISS!-2/international Study? 


Streptokinase 
Streptokinase 
Anistreplase 
Alteplase 
Steptokinase 
Alteplase 
Streptokinase 
Duteplase* 
Anistreplase 


ISIS-3® 


*Burroughs Wellcome supplied tissue plasminogen activator, dutepiase. 

AIMS = APSAC [Anisolatad Plasminogen-Streptokinase Activator Complex] interven- 
tion Mortality Study; ASSET = Anglo-Scandinavian Study of Early Thrombolysis; 
GISSI-1 = Grupo Italiano per lo Studio dalla Streptochinasi nell’ Infarto Miocardico; 
GISSI-2 = Grupo Italiano per lo Studio dalla Soprowivenza nell’ Infarto Miocardico; 
ISIS = International Study cf Infarct Survival (Second and Third). 
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how carefully bleeding is reported. In the GISSI-2/ 
International Study there was an increase in major 
bleeding with streptokinase that has not been 
noted in other trials.” This finding may have been 
due to the unblinded nature of the comparison. 

Allergy: Both streptokinase and anistreplase 
are foreign proteins and, therefore, risk of allergic 
reaction is associated with their use. However, the 
incidence of these reactions is low (Table IV). In 
ISIS-2, no cases of anaphylactic shock in 8,392 
patients treated with streptokinase were reported.’ 
In GISSI-2, although 7 of 5,860 patients treated 
with streptokinase developed anaphylactic shock, 
no deaths occurred.’ Surprisingly in ISIS-3, there 
appeared to be more allergy with anistreplase than 
with streptokinase. When repeat administration of 
a thrombolytic agent is required, alteplase (or 
urokinase, if available) should be given primarily 
because of concerns about the effectiveness of 
repeat administration.” 

Hypotension: The mechanism behind hypoten- 
sion associated with the infusion of thrombolytic 
agents remains unclear. However, thrombolytic- 
induced hypotension may be related to plasmin 
activation leading to the formation of bradykinin 
from kallikrein or activation of complement or 
endothelial prostacyclin secretion.” Hypotension 
is most common following rapid administration of 
streptokinase (Table V). However, anistreplase is 
also associated with hypotension; significant hypo- 
tension occasionally occurs with alteplase adminis- 
tration. In the European comparative trial of 
streptokinase and alteplase,” blood pressure fell 
below 90 mm Hg in 16% of patients treated with 
alteplase. In our comparative trial, 7.7% of al- 
teplase-treated patients experienced a fall in sys- 
tolic blood pressure to <80 mm Hg during the 
infusion.’ When thrombolytic-induced hypotension 
occurs, administration of the agent may need to be 
interrupted. Supportive therapy such as postural 
measures and administration of intravenous fluids 


TABLE IV Allergy Following Administration of Thrombolytic 
Agents 


Allergy (%) 


Minor Major 


GISS!-1! 

ISIS-22 

AIMS? 

GISSI-2/International Study? 
ISIS-3° 


Streptokinase 
Streptokinase 
Anistreplase 
Streptokinase 
Streptokinase 
Duteplase 
Anistreplase 


See Table ilt for abbreviations. 








TABLE V Hypotension Associated With Administration of 
Thrombolytic Agents 


Hypotension (%) 


Agent Active 


Streptokinase 3.0 
Streptokinase 10.0 
Anistreplase 4.0 
Alteplase 1,7 
Streptokinase 3.8 
Streptokinase 6.8 
Duteplase 4.3 
Anistreplase 7.2 


See Table Ill for abbreviations, 


may help symptomatic patients. Severe hypoten- 
sion may require pharmacological therapy. 

Reinfarction: Angiographic studies have shown 
a high rate of reocclusion of the reperfused infarct- 
related artery; however, reocclusion does not nec- 
essarily result in clinical reinfarction.” Following 
the use of aspirin, reinfarction rates have been low 
(Table VI). Reinfarction rates with anistreplase 
have been low compared with control even without 
the use of aspirin, as in the APSAC Intervention 
Mortality Study (AIMS).’ In large, comparative 
studies, alteplase therapy has been associated with 
lower reinfarction rates than either anistreplase or 
streptokinase.* Theoretically, alteplase could lyse 
residual thrombi, which are potent stimuli for 
reocclusion, more effectively than the other 2 
agents. However, even more likely, because higher 
reinfarction rates are usually associated with higher 
patency rates (more open arteries and therefore 
more are likely to close), is the possibility that the 
arteries opened early by alteplase also may have 
closed early because of the delayed heparin regi- 
men (given subcutaneously either 4 or 12 hours 
after beginning alteplase).’ Early closures of reper- 
fused arteries could well be silent in the first 24 
hours and, therefore, go undetected. 


Control 


GISSI-1?} 

{SIS-2? 

AIMS? 

GISSI-2/International Study® 


ISIS-3° 


Ll} basl 


TABLE VI Incidence of Reinfarction in Trials of Thrombolytic 
Agents 


Reinfarction (%) 


Agent Active Control 


GISSI-1? 

ISIS-2? 

AIMS? 

ASSETS 
GISSI-2/International Study? 


Streptokinase 4.1 
Streptokinase 2.8 
Anistreplase 4.8 
Altepiase 3.9 
Alteplase 2.6 
Streptokinase 3.0 
Streptokinase 3.6 
Duteplase 3.1 
Anistreplase 3.8 


ISIS-3° 


*p < 0.01; alteplase versus streptokinase, duteplase versus streptokinase and 
versus anistreplase. 
See Table ll] for abbreviations. 
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BENEFIT-TO-RISK RATIO FOR INDIVIDUAL 
PATIENTS 

Thrombo:ytic therapy with each of the available 
agents reduces mortality by approximately 25% in 
all subgroups, except for patients with ST-segment 
depression.’* The absolute mortality reduction in 
each subgroup is dependent on baseline mortality 
for each group; benefit-to-risk ratios differ in 
different populations. Groups such as patients with 
hypotension (mortality approximately 35%), the 
elderly (>7C years; mortality approximately 22%), 
and patients with bundle branch block pattern 
(mortality approximately 25%) stand to gain the 
most from thrombolytic therapy.’ 

Patients a: risk of bleeding, such as those with a 
previous stroxe, previous gastrointestinal bleeding, 
or recent trauma, have the highest risk for adverse 
events. For individual patients, the benefit-to-risk 
ratio must b2 weighed. Unfortunately, there is a 
paucity of deta with respect to benefit and risk in 
high-risk subgroups of patients (e.g., a patient in 
cardiogenic shock who has had a previous stroke). 

In general, if the mortality for a particular group 
shown to benefit from thrombolytic therapy is 
> 4%, a morality reduction of 25% (10 lives saved 
per 1,000 patients treated) will approximate the 
risk of major bleeding of 1% and will be approxi- 
mately 3 times the risk of hemorrhagic stroke if 
streptokinase is administered, and between 1.5 and 
2 times the r sk of hemorrhagic stroke if alteplase 
or anistreplase is given. Disabling stroke may not 
be increased by streptokinase but could be in- 
creased by 1 per 1,000 patients treated with the 
other 2 agents. Even in this situation, the benefit-to- 
risk ratio mzy be 10:1 (i.e., 10 lives saved for 1 
disabling strcke), allowing that transfusion is not 
associated with significant morbidity. Additionally, 
long-term, thrombolytic therapy results in better 
prognosis and improved quality of life by preserva- 
tion of left ventricular function. 


ADJUNCTIVE THERAPY WITH HEPARIN 
Sustained Datency of the infarct-related artery is 
likely to be very important for achieving preserva- 
tion of left ventricular function and improved 
survival.” Regimens of subcutaneous heparin given 
in ISIS-3 and in the GISSI-2/International trial 
(delayed either 4 or 12 hours) reduced mortality 
(by 5 patients per 1,000 treated) and reinfarction 
(by 3 patients per 1,000 treated) at a cost of 3 major 
bleeds per 1,900 patients and no increase in total 
stroke. This regimen (12,500 U twice daily) does 
not significan-ly affect the activated partial throm- 
boplastin tim2 for about 36 hours,” and will have 


little effect on sustaining patency. In patency trials 
with alteplase and heparin (with or without a small 
dose of aspirin [80 mg]),”* it seems that heparin is 
necessary to maintain early patency and alteplase 
to prevent reocclusion. Early intravenous heparin 
is also likely to be very beneficial with streptoki- 
nase and has been shown to improve the time to 
patency and to decrease infarct size in the absence 
of aspirin therapy.” Few data are available with 
respect to streptokinase, alteplase, or anistreplase 
and requirements for heparin therapy in the pres- 
ence of adequate aspirin administration. Trials 
currently in progress will evaluate these require- 
ments. 


INDICATIONS FOR EACH AGENT 

Given that thrombolytic agents are equally effec- 
tive when given together with aspirin and delayed 
subcutaneous heparin, decisions as to which agent 
to use should be based on safety, cost, and familiar- 
ity. Streptokinase would seem to be the preferred 
agent for most clinical situations because it is the 
least costly. Alteplase has a special role when 
readministration of a thrombolytic agent is neces- 
sary in patients who have previously received either 
streptokinase or anistreplase.” It has been argued 
that alteplase should also be the agent of choice in 
patients with cardiogenic shock because of its rapid 
lysis and lower incidence of hypotension. However, 
results from ISIS-2 suggest that the incidence of 
hypotension with streptokinase was no higher in 
patients with initial systolic blood pressure <100 
mm Hg than in patients with initial systolic blood 
pressure > 150 mm Hg. Furthermore, in the GISSI- 
2/International Study, patients who presented in 
Killip class IV did better when treated with strep- 
tokinase.’ Hospital mortality for streptokinase- 
treated patients was 64.9% versus 78.1% for al- 
teplase-treated patients (p = 0.014). Because 
alteplase has been shown to be a better agent for 
dissolution of old thrombi, patients presenting late 
are another group in which this agent may have a 
special role. However, no data are available to 
show that alteplase reduces mortality when given 
late, whereas there are supportive data with late 
administration of streptokinase.’ Moreover, be- 
cause the benefit-to-risk ratio is smaller for pa- 
tients who are treated late, a less effective thrombo- 
lytic agent on old thrombi such as streptokinase, 
with a lesser likelihood of causing hemorrhagic 
stroke, may be preferred. 

Anistreplase has an important advantage in 
ease of administration because it is given as a single 
bolus injection over 2-5 minutes. This enables the 
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full thrombolytic dose to be given. As alteplase is 
infused over 3 hours, the infusion may be termi- 
nated because of the develcpment of hypotension 
or arrhythmias, which may have nothing to do with 
the thrombolytic infusion. In ISIS-3, approximately 
6% more patients received the full dose of anis- 
treplase than received the full duteplase or streptoki- 
nase dose.® The prime aim of thrombolytic therapy 
is to lyse coronary artery thrombi to restore coro- 
nary blood flow. Possible side effects should be 
treated secondarily. Bolus edministration of anis- 
treplase may also be a cistinct advantage for 
community administration where it may be difficult 
to maintain an intravenous line when moving the 
patient to the ambulance end during ambulance 
transport. 

Each thrombolytic agent may therefore have 
particular indications. Adfunctive therapy regi- 
mens may optimally be difkerent with each agent 
and ongoing trials will be necessary to improve on 
the substantial advance of thrombolytic therapy. 
The abiding principle is that a thrombolytic agent, 
no matter which one, should be given to most 
patients presenting with acute myocardial infarc- 
tion. 

In conclusion, the available thrombolytic agents 
are comparable in terms of clinical efficacy. How- 
ever, differences exist amonz the agents in terms of 
safety and cost. Meta-analysis of approximately 
90,000 patients randomizec in thrombolytic trials 
worldwide will be very help-ul in providing further 
information so as to enable =valuation of the safety 
profile of each agent. In addition, specific agents 
may have different indications for use. Thrombo- 
lytic (and antithrombotic) therapy should be tai- 
lored to the individual patient. The physician 
should keep in mind the benefits and risks in terms 
of short- and long-term mortality and the quality of 
life of the patient in terms of left ventricular 
dysfunction. 

Acknowledgment: I would like to thank Dr. 
Christopher Baxter-Jones for helping to analyze 
the incidence of stroke in tke various studies. 


REFERENCES 


4. Gruppo Italiano per lo Studio della Steptochinasi nel’ Infarto Miocardico 
(GISSI). Effectiveness of intravenous throywnbolytic treatment in acute myocar- 
dial infarction. Lancet 1986;i:397-402. 

2. ISIS-2 (Second International Study of Imfarct Survival) Collaborative Group. 
Randomised trial of intravenous streptoknase, oral aspirin, both, or neither 
among 17,187 cases of suspected acute myocardial infarction: ISIS-2. Lancet 
1988;i1:349-360. 

3. AIMS Trial Study Group. Effect of intravenous APSAC on mortality after 
acute myocardial infarction: preliminary report of a placebo-controlled clinical 
trial. Lancet 1988;1:545-549. 

4. Wilcox RG, von der Lippe G, Olson CG, Jensen G, Skene AM, Hampton 
JR for the ASSET study group. Trial cf tissue plasminogen activation for 


mortality reduction in acute myocardial infarction: Anglo-Scand:navian Study 
of Early Thrombolysis (ASSET). Lancet 1988;ti:525-530, 

B. Internationel study group. In-hospital mortality and clinical course of 20,891 
patients with suspected acute myocardial infarction randomised between tissue 
plasminogen activator or streptokinase with or without heparin, Lancet 1990;336: 
71-75. 

6. Third International Study of Infarct Survival (ISIS-3). Presented at the 
Annual Meeting of the American College of Cardiology, Atlanta, March 1991. 
7. White HD, Rivers JT, Maslowski AH, Ormiston JA, Takayama M, Hart 
HH, Sharpe DN, Whitlock RM, Norris RM. Effect of intravenous streptoki- 
nase as compared with that of tissue plasminogen activator on left ventricular 
function after first myccardial infarction. N Engl J Med 1989;320:817-821. 

8. Bassand JP, Cassapgnes J, Machecourt J, Anguenot T, Lusson R, Bernard B, 
Vuillemont A. Wolf E, Vacher D. Multicenter trial of intravenous APSAC 
versus rt-PA in acute myocardial infarction: assessment of efficacy and safety 
(Abstract). J Am Coll Cardiol 1990;15(suppl A):214A. 

9. White HD. GISSI-2 and the heparin controversy. Lancet 1990;336:297-298, 
10. Komrad MS, Coffey CE, Coffey MS, McKinnis R, Massey E'W, Califf RM. 
Myocardial infarction and stroke. Neurology (Cleve) 1984;34:1403-1409. 

11. Braunwald E, Knatterud GL, Passamani E, Robertson TL, Solomon R. 
Update from the thrombolysis in myocardial infarction trial (Letter). J Am Coll 
Cardiol 1987;19:970. 

12. ISAM study group. A prospective trial of intravenous streptokinase in 
acute myocardial infarction (ISAM): mortality, morbidity and infarct size at 21 
days. N Engl J Med 1986;314:1465-1471. 

13. ISIS pilot study investigators. Randomized factorial trial of high-dose intra- 
venous streptokinase, of oral aspirin and of intravenous heparin in acute 
myocardial infarction. Eur Heart J 1987;8:634-642. 

14. Stack RS, O'Connor CM, Mark DB, Hinohara T, Phillips HR, Lee MM, 
Ramirez NM, O’Callaghan WG, Simonton CA, Carlson EB, Morris KG, 
Behar VS, Kong Y, Peter RH, Califf RM. Coronary perfusion during acute 
myocardial infarction with a combined therapy of coronary angioplasty and 
high-dose intravenous streptokinase. Circulation 1988;77:151-161. 

15. Kennedy JW, Martin GV, Davis KB, Mayard C, Stadius M, Sheehan FH, 
Ritchie JL. The Western Washington intravenous streptokinase in acute myocar- 
dial infarction randomized trial. Circulation 1988;77:345-352, 

16. White HD, Norris RM, Brown MA, Takayama M, Maslowski A, Bass 
NM, Ormiston JA, Whitlock T. Effect of intravenous streptokinase on left 
ventricular function and early survival after acute myocardial infarction. N Engl 
J Med 1987;317:850-855. 

17. PRIMI trial study group. Randomised double-blind trial of recombinant 
pro-urokinase against streptokinase in acute myocardial infarction. Lancet 1989; 
1:863~868. 

18. White HD, Cross DB, Williams BF, Norris RM. Safety and efficacy of 
repeat thrombolytic treatment after acute myocardial infarction. Br Heart J 
1990;64:177-181. 

19. Anderson JL, Sorensen SG, Moreno FL, Hackworthy RA, Browne KF, 
Dale HT, Leva F, Dangoisse V, Eckerson HW, Marder VJ and the TEAM-2 
study investigators. Multicenter patency trial of intravenous anistreplase com- 
pared with streptokinase in acute myocardial infarction. Circulation 1991;83:126- 
140. 

20. Vogel JHK, Ram KS, Coughlin BJ, Avolio RM, McFadden RB. Intrave- 
nous streptokinase in acute myocardial infarction at the community hospital: a 
six-year experience. Am J Cardiol 1988;62:25K~27K. 

21. Six AJ, Louwerenburg HW, Braams R, Mechelse K, Moster WL, Bredero 
AC, Dunselman PHIM, Van Hemel NM. A double-blind randomized multi- 
center dose-ranging trial of intravenous streptokinase in acute myocardial infarc- 
tion. Am J Cardiol 1990;65:119-123., 

22. Doering W, WeiBthanner F, Kleber FX, von Sternberg U, Ohly A, Kro- 
nski D. APSAC, urokinase (UK), streptokinase (SK) in acute myocardial 
infarction (AMI) (Abstract). Eur Heart J 1988;9(suppl 1):213. 

23. Pacouret G, Charbonnier B, Curien ND, Monassier JP, Critier A, Materne 
P, Brochier ML, Letac R, Hanssen M, Sacrez A, Kulbertus H. Invasive 
reperfusion study 2: multicentre European randomised trial of anistreplase 
versus streptokinase in acute myocardial infarction. Eur Heart J 1991;12:179- 
185. 

24. Sainous J, Bonnet JL, Serradimigni A. Intravenous streptokinase versus 
heparin in the acute stage of myocardial infarction: a prospective randomised 
trial in south-east France. Haemostasis 1986;16(suppl 3):140~147. 

25. Been M, De Bano DP, Muir AL, Boulton FE, Hillis WS, Hornung R. 
Coronary thrombolysis with intravenous anisoylated plasminogen-streptokinase 
complex BRL 26921. Br Heart J 1985;53:253-259. 

26. Johnston FA, Dunn FE, Hogg KJ, Hornung RS, Hillis WS. Thrombolytic 
treatment in acute myocardial infarction in the elderly (Abstract). Br Heart J 
1987:57:73. 


A SYMPOSIUM: EVALUATING THROMBOLYTIC THERAPY 35E 


27. Meinertz T, Kasper W, Schumacher M, Just H. The German multicenter 
trial of anisoylated ~lasminogen streptokinase activator complex versus heparin 
for acute myocardia infarction. Am J Cardiol 1988;62:347-351. 

28. Fautsch G, Classsens J, Gruwez P, Van Brabandt H, Leyman S. Efficacy 
and safety of thrombolysis with eminase (APSAC) in 13 Belgian community 
hospitals. (Abstract? Eur Heart J 1989;10:366. 

29. Hogg KJ, Gemnill JD, Burns JMA, Lifson WK, Rae AP, Dunn FG, Hillis 
WS. Angiographic patency study of anistreplase versus streptokinase in acute 
myocardial infarctioa. Lancet 1990;335:254—258. 

30. Rothbard RL, Anderson JL, Hackworthy RA. Tolerance and complica- 
tions in a multicenter trial of intravenous APSAC and intravenous streptoki- 
nase in acute myocardial infarction. Clin Cardiol 1990;13(suppl V):11-14. 

31 van der Galiën 4, Takens LH, Lie KI. Pre-hospital thrombolytic treatment 
in acute myocardia’ infarction: percentage of evaluable patients and pitfalls: 
results of a Dutch multicentre pre-hospital study (Abstract), Eur Heart J 
1989;10:122. 

32. Marder VJ, Rcthbard RL, Fitzpatrick PG, Francis CW. Rapid lysis of 
coronary artery thrcmbi with anisoylated plasminogen-streptokinase activator 
complex; treatment Ey bolus intravenous injection. Ann Intern Med 1986;104:304- 
310. 

33. Croydon EAP cn behalf of the French group of the European multicentre 
study (EMS). Preliminary safety and tolerance data obtained in the compara- 
tive study of anisoyated plasminogen streptokinase activator complex versus 
heparin. Drugs 198733(suppl 3):293~296. 

34. Kasper W, Memertz T, Wollschlager H, Bonzel T, Wolff P, Drexler H, 
Hofmann T, Zieher A, Just H. Coronary thrombolysis during acute myocardial 
infarction by intrarenous BRL 26921, a new anisoylated plasminogen- 
streptokinase activator complex. Am J Cardiol 1986;58:418-421. 

35. Köhler M, Hellstern P, Doenecke P, Schwerdt H, Ozbeck C, Miyashita C, 
Winter R, von Bloha G, Bette L, Wenzel E. High-dose systemic streptokinase 
and acylated strepto zinase-plasminogen complex (BRL 26921) in acute myocar- 
dial infarction: alterztions of the fibrinolytic system and clearance of fibrinolytic 
activity, Haemostasis 1987;17:32-39. 

36. Julian DG, Borthwick LS, Reid D, Jennings KP, Wainwright RJ, Rodger 
JC, Wood D, Philips WS. Anisoylated plasminogen streptokinase activator 
complex versus placebo: a preliminary multicentre study of safety and early 
mortality in acute m7ocardial infarction. Drugs 1987;33(supp! 3):261~267. 

37. Hillis WS, Horcung RS, Hogg KJ, Hockings N, Bums JMA, Dunn FG, 
Achievement of comnary artery patency by use of anisoylated plasminogen 
streptokinase activacor complex in acute myocardial infarction. Drugs 1987; 
33(suppl 3):117~123. 

38. Kaspar L, Karnzk R, Sehnal E, Zajicek P, Ziegler B, Slany J. Intracoro- 
nary streptokinase ‘ersus intravenous anisoylated plasminogen streptokinase 
activator complex in the treatment of acute myocardial mfarction. Drugs 1987; 
33(suppl 3):179-182. 

39. Ikram S$, Lewis 5, Bucknall C. Treatment of acute myocardial infarction 
with anisoylated plasminogen streptokinase activator complex. Br Med J 1986;293: 
786-789. 

40. Lenhoff SJ, Horak AR, Fraser RC, Scott-Millar RN, Bird AR, Jacobs P, 
Commerford PJ. Evzluation of the efficacy and safety of anisoylated plasmino- 
gen streptokinase accivator complex in early myocardial infarction: preliminary 
results. Drugs 1987;3- (suppl 3):186-188. 

41. Buchalter MB, Bourke JP, Jennings K, Adams PC, Kenmure ACF, Chan 
WH, Reid DS. The effect of thrombolytic therapy with anisoylated plasmino- 
gen streptokinase activator complex on the indicators of myocardial salvage. 
Drugs 1987;33(suppl 3):209-215. 

42. Bossaert LL on vehalf of the Belgian group of the European multicentre 
study (EMS). Safety:and tolerance data from the Belgian multicentre study of 
anisoylated plasminosen streptokinase activator complex versus heparin in acute 
myocardial infarctior Drugs 1987;33(suppl 3):287-292. 

43. Anderson JL, Rothbard RL, Hackworthy RA, Sorenson SG, Fitzpatrick 
PG, Dahi CF, Hagen AD, Browne KF, Symkoviak GP, Menlove RL, Barry 
WH, Eckerson HW Marder VJ for the APSAC multicenter investigators. 
Multicenter reperfuson trial of intravenous anisoylated plasminogen streptoki- 
nase activator comp.ex (APSAC) in acute myocardial infarction: controlled 
comparison with intracoronary streptokinase. J Am Coll Cardiol 1988;11:1153~ 
1164. 

44, Hervé C, Gaillard M, Dubois-Rande JL, Boesch C, Duval AM, Lionnet F, 
Gouault M, Prehu C, Lellouche D, Jan F, Castaigne A. Thrombolyse à 
domicile pour l’infarctus du myocarde: étude multicentrique de faisabilité et 
évaluation du pronosic à court terme. Presse Med 1988;17:1143-1146. 

45. SWIFT (should we intervene following thrombolysis?) trial study group. 
SWIFT trial of deleyed elective intervention v conservative treatment after 
thrombolysis with anitreplase in acute myocardial infarction. Br Med J 1991;302:; 
555-560. 


46. Bassand JP, Cassagnes J, Machecourt J, Anguenot T, Lusson JR, Bernard 
B, Vuillemenot A, Wolf JE, Vacher D. A multicenter double-blind trial aimed 
at comparing the efficiency and safety of alteplase and anistreplase in acute 
myocardial infarction. (Abstract) Circulation 1990;82(suppl 3):2641. 

47. De Wilde P, Taeymans Y, De Moor D, Huyghens L, Block P. Intravenous 
thrombolysis with BRL 26921 in acute myocardial infarction (Abstract). Proceed- 
ings of the International Symposium on Cardiovascular Pharmacology; 1985; 
Geneva. 

48. McNeill AJ, Adgey AAJ, Flannery D, Wilson CM, Dalzell W, Dickey W, 
Campbell NPS, Khan MM, Malaio AO, Patterson GC, Webb SW. Early 
thrombolytic therapy with intravenous anistreplase in acute myocardial infarc- 
tion. (Abstract) Fibrinolysis 1990;A(suppl 3):22. 

49. Köhler M, Hellstern P, Doenecke P, Schwerdt H, Özbek C, Miyashita C, 
Winter R, Von Blohn G, Better L, Wenzel E. High-dose systemic streptoki- 
nase and acylated streptokinase-plasminogen complex (BRL 26921) in acute 
myocardial infarction: alterations of the fibrinolytic system and clearance of 
fibrinolytic activity. Haemostasis 1987;17:32-39. 

50. Hooghoudt TEH, Hensing CAJ, Hertzberger DP. Controlled study of the 
safety and efficacy of anisoylated plasminogen-streptokinase activator complex 
(APSAC) in patients with very recent cardiac infarction. Med Tijdschr Cardiol 
1988;2:5—11. 

51L Ovsyshcher 1, Silber H, Hausman MI, Margolis G, Gueron M. Improved 
left ventricular function in myocardial infarction following intravenous thrombo- 
lytic therapy with acylated plasminogen activator. J Vase Dis 1990;Feb:133-138. 
52. National Heart Foundation of Australia coronary thrombolysis group. Cor- 
onary thrombolysis and myocardial salvage by tissue plasminogen activator 
given up to 4 hours after onset of myocardial infarction. Lancet 1988;i:203-208, 
53. Althouse R, Maynard C, Olsufka M, Kennedy JW. Risk factors for hemor- 
rhagic and ischemic stroke in myocardial infarct patients treated with tissue 
plasminogen activator (Abstract). J Am Coll Cardiol 1989;13:153A. 

54, Hsia J, Hamilton WP, Kleiman N, Roberts R, Chaitman BR, Ross AM for 
the Heparin-Aspirin Reperfusion Tnal (HART) investigators. A comparison 
between heparin and low-dose aspirin as adjunctive therapy with tissue plasmino- 
gen activator for acute myocardial infarction. N Engl J Med 1990;323:1433- 
1437. 

55. Van de Werf F, Arnold AE. Intravenous tissue plasminogen activator and 
size of infarct, left ventricular function, and survival in acute myocardial infarc- 
tion. Br Med J 1988;297:1374-1379. 

56. Magnani B for the PAIMS investigators. Plasminogen activator Italian 
multicenter study (PAIMS): companson of intravenous recombinant single- 
chain human tissue-type plasminogen activator (rt-PA) with intravenous strep- 
tokinase in acute myocardial infarction. J Am Coll Cardiol 1989;13:19-26. 

57. Topol EJ, George BS, Kereiakes DJ, Stump DC, Candela RJ, Abbottsmith 
CW, Aronson L, Pickel A, Boswick JM, Lee KL, Ellis SG, Califf RM and the 
TAMI study group. A randomized con-rolled trial of intravenous tissue plasmino- 
gen activator and early intravenous heparin in acute myocardial infarction. 
Circulation 1989;79:28 1-286. 

58. TIMI study group. Comparison of invasive and conservative strategies after 
treatment with intravenous tissue plasminogen activator in acute myocardial 
infarction: results of the thrombolysis in myocardial infarction (TIMI) phase H 
trial. N Engl J Med 1989;320:618-627. 

59. Smalling RW, Schumacher R, Morris D, Harder K, Fuentes F, Valentine 
RP, Battey LL, Merhige M, Pitts DE, Lieberman HA, Nishikawa A, Adyan- 
thaya A, Hopkins A, Grossbard E. Improved infarct-related arterial patency 
after high dose, weight-adjusted, rapid infusion of tissue-type plasminogen 
activator in myocardial infarction: results of a multicenter randomized trial of 
two dosage regimens. J Aim Coll Cardiol 1990;15:915~921. 

60. Topol EJ, Ellis SG, Wall TC, George BS, Vandormael M, Grines CL, 
Sanz ML, O’Brien M, Califf R for the TAMI-6 study group. A randomized, 
controlled trial of late (6-24 hour) reperfusion for acute myocardial infarction 
(Abstract), Circulation 1990;82:11I-539, 

6L Bleich SD, Nichols T, Schumacher R, Cooke D, Tate D, Steiner C, 
Brinkman D. The role of heparin following coronary thrombolysis with tissue 
plasminogen activator (t-PA) (Abstract). Circulation 1989;80:I-13. 

62. Topol EJ, Morris DC, Smalling RW, Schumacher RR, Taylor CR, 
Nishikawa A, Liebermar. HA, Coller. D, Tufte ME, Grossbard EB, O'Neil 
WW. A multicenter, randomized, placebo-controlled trial of a new form of 
intravenous recombinant tissue-type plasminogen activator (activase) in acute 
myocardial infarction. J Am Coll Cardiol 1987;9:1205~1213. 

63. O’Rourke M, Baron D, Keogh A, Kelly R, Nelson G, Barnes C, Raftos J, 
Graham K, Hillman K, Newman H, Rivers J, White H, Whitlock R, Norris R. 
Limitation of myocardial infarction by early infusion of recombinant tissue-type 
plasminogen activator. Circulation 1988;27:1311-1315. 

64. Simoons ML, Amold AER, Betriu A, de Bono DP, Col J, Dougherty FC, 
von Essen R, Lambertz H, Lubsen J, Meir B, Michel PL, Raynaud P, Rutsch 


S6E THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 DECEMBER 5, 1991 


W, Sanz GA, Schmidt W, Serruys PW, Ther- C, Uebis R, Vahanian A, Van de 
Werf F, Willems GM, Wood D, Verstraste M. Thrombolysis with tissue 
plasminogen activator in acute myocardial infarction: no additional benefit 
from immediate percutaneous coronary angioplasty. Lancet 1988;i1:197-202. 

65. Braunwald E, Knatteruk GL. Update from the thrombolysis in myocardial 
infarction trial. (Letter) J Am Coll Cardiol 1987;10:970. 

66. Marx BE, Bertel O, Baumann PC, Keler M, Steinbrunn W, Durst U, 
Speiser K. Fibrinolyse bei akutem myocareinfarkt. Schweiz Med Wochenschr 
1988;118:1753~1757. 

67. Glazier JJ, Crowley J, Cremin D, Cok T, Daly K. Treatment of acute 
myocardial infarction with recombinant tissue-type plasminogen activator. Jr 
Med J 1989;82:111-114. 

68. Sauval P, Artigou JY, Cristofini P, Jenniere D, Barrier G. Fibrinolyse 
prehospitaliere par rtPA dans l’infarctus agu du myocarde. Arch Mal Coeur 
Vaiss 1989;82:1957-1961. 

69. Turpie AGG, Robinson JG, Doyle DJ, Mulji AS, Mishkel GJ, Sealey BJ, 
Cairns JA, Skingley L, Hirsh J, Gent M. Comparison of high-dose subcutane- 
ous heparin to prevent left ventricular mura thrombosis in patients with acute 
transmural anterior myocardial infarction. N Engl J Med 1989;320:352-358. 

70. Rao AK, Pratt C, Berke A, Jaffe A, Ockene I, Schreiber TL, Bell WR, 
Knatterud G, Robertson TL, Terrin ML for the TIMI investigators. Thrombol- 
ysis in myocardial infarction (TIMI) trial, prase I: hemorrhagic manifestations 


and changes in plasma fibrinogen and the fibrinolytic system in patients treated 
with recombinant tissue plasminogen activator and streptokinas2. J Am Coll 
Cardiol 1988;14:1~11. 

7L White H. Thrombolytic treatment for recurrent myocardial infarction: avoid 
repeating streptokinase or anistreplase. Br Med J 1991;302:429-430. 

72. Lew AS, Laramee P, Cercek B, Shah PK, Ganz W. The hypctensive effect 
of intravenous streptokinase in patients with acute myocardial infarction. Circu- 
lation 1985;72:1321--1326. 

73. Verstraete M, Bernard R, Bory M, Brower RW, Collen D, de Bono DP, 
Erbel R, Huhmann W, Lennane RJ, Lubsen J, Mathey D, Meyer J, Michels 
HR, Rutsch W, Schart] M, Schmidt W, Uebis R, von Essen R. Randomized 
trial of intravenous recombinant tissue-type plasminogen activator versus intra- 
venous streptokinase in acute myocardial infarction: report from the European 
cooperative study group for recombinant tissue-type plasminogen activator. 
Lancet 1985;i:842-847. 

74. Schaer DH, Ross AM, Wasserman AG. Reinfarction, recurrent angina, 
and reocclusion after thrombolytic therapy. Circulation 1987;76(scppl I):11-57- 
Il-62. 

75. Melandri G, Branzi A, Semprini F, Carvi V, Galiè N, Magnani B. En- 
hanced thrombolytic efficacy and reduction of infarct size by simultaneous 
infusion of streptokinase and heparin. Br Heart J 1990;64:118~120. 


A SYMPOSIUM: EVALUATING THROMBOLYTIC THERAPY 37E 


Comparative Analysis of Long-Term Mortality 
After Thrombolytic Therapy 


Keith A.A. Fox, MB, ChB, FRCP 


in patients vith acute myocardial infarction, 
thrombolytic therapy has a demonstrable and 
favorable impact on a range of clinical indicators, 
including lef: ventricular function, infarct size, 
coronary arterial patency, and symptom relief. 
However, these indicators have not provided a 
reliable basis for the comparison of thrombolytic 
regimens; mortality provides the “gold standard.” 
One-year mcrtality obviates the differences in 
the timing of short-term comparisons (in-hospi- 
tal, 30-day, or 5-week). In addition, late effects of 
differences in patency, including the impact of 
reocclusion, infarct healing, and remodeling, will 
be evident b 1 year. Meta-analysis of data from 
previous ma_or mortality studies shows that dif- 
ferences in cesign and the overlap of confidence 
intervals of mortality studies suggest that no 
thrombolytic agent is superior in terms of short- 
term mortality. Long-term survival may provide a 
more meaningful basis for comparison of efficacy 
of the thrombolytic regimens. Long-term mortal- 
ity has been evaluated for anistreplase in acute 
myocardial infarction in a composite analysis, 
similar to a meta-analysis. From the pooled life 
table analysis of all anistreplase studies, the 
odds reduction in mortality at 1 year was approxi- 
mately 48%. 

(Am J Cardiol 1991;67:38E—44E) 
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r | Nhe impact of coronary thrombolysis was 
dramatically evident during early experimen- 
tal and clinical studies of intracoronary 

administration of thrombolytic agents. Recanaliza- 
tion of a previously occluded coronary artery pro- 
duces dramatic and convincing visual evidence of 
efficacy.” Patency is restored to the occluded 
artery within minutes rather than the hours, or 
perhaps days, that are often required for endoge- 
nous recanalization. Thus, thrombolytic therapy 
accelerates recanalization; however, this is not 
necessarily equivalent to demonstrable clinical ben- 
efit. 

In the development of thrombolytic therapy, 
numerous small-scale studies have failed to pro- 
duce clear evidence of clinical benefit. A variety of 
clinical end points have been employed as indica- 
tors of efficacy in evaluating individual thrombo- 
lytic agents. End points have included the entirely 
subjective clinical responses of symptom relief, 
measures of electrocardiographic ST-segment res- 
olution,” efflux of cardiac enzymes, global or 
regional ventricular function, infarct size, restora- 
tion of arterial patency, and mortality.°” Sensitivity 
and specificity differ among the various end points 
that assess efficacy of the treatment of myocardial 
infarction, but results consistently favor thrombo- 
lytic therapy over placebo or conventional care. A 
meta-analysis provided some of the first convincing 
evidence that thrombolytic therapy may produce a 
significant mortality benefit.” The primary purpose 
of this article is to discuss why long-term mortality 
may be the most important indicator for evaluating 
the efficacy of thrombolytic therapy in patients 
with acute myocardial infarction. 


CLINICAL END POINTS AS A SURROGATE FOR 
MORTALITY? 

infarct size: Estimates of infarct size, based on 
electrocardiographic criteria or efflux of cardiac 
enzymes, provide a clinical guide for thrombolytic 
efficacy.*°’ However, these measures lack the sensi- 
tivity and specificity that is required for comparison 
of individual thrombolytic agents. More accurate 
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quantitative measures of in=arct size, for example, 
those employing positron emission tomography, 
are not always available to cardiologists. 

Left ventricular functian: Assessments of left 
ventricular function following thrombolytic ther- 
apy are often difficult to interpret because they are 
complicated by a number of confounding factors.’ 
Estimates of global left ventricular function are 
insensitive because of compensatory hypercontrac- 
tile function in normal myozardium and dyskinesis 
in ischemic tissue. In addition, arterial reperfusion 
results in reduced compliance of the affected 
myocardium, thereby influencing overall contrac- 
tile measurements. These factors account for very 
modest differences (only 2-6%, absolute units) in 
global function in comparisons of thrombolysis 
with placebo treatment.” 

Furthermore, both isckemia and irreversible 
myocardial injury may contribute to regional impair- 
ment of contractile function. Painstaking sequen- 
tial studies are required to Jetermine the recovery 
of functional capacity in ischemic muscle. 

Delayed functional recovery, “stunned myo- 
cardium,” follows transient ischemia, thereby con- 
founding the interpretations of early studies. De- 
tailed analyses of regional function are limited to 
centers with specialist expertise and interpreta- 
tions are complicated by infarct healing. As pro- 
posed by White and colleagues,’ providing an 
estimate of the extent of left ventricular dysfunc- 
tion based on measurements of left ventricular 
systolic dimension may be possible. However, these 
estimations may also lack ihe sensitivity required 
for the comparison of individual thrombolytic 
agents. 

Angiographic end points: Restoration of angio- 
graphic coronary arterial patency requires special 
attention. True “reperfusicn” (restoration of arte- 
rial blood flow) studies are limited to those in 
which total coronary occlusion is demonstrated 
with a baseline angiogram. Furthermore, perfusion 
of myocardium is not necessarily equivalent to 
coronary arterial patency (open or unobstructed 
artery). Microvascular injury induced by ischemia 
and reperfusion may impair reperfusion despite a 
patent coronary artery. Because baseline angio- 
grams have proved to be impractical for wide- 
spread application, coronéry arterial patency has 
been adopted as a substitute. Studies adopting a 
patency end point include a proportion, perhaps 
10-15%, of patients with incomplete occlusion of 
the affected vessel at the time of presentation. The 
Thrombolysis in Myocardial Infarction (TIMD trial 
found a higher frequency of reperfusion with 


alteplase (tissue plasminogen activator [t-PA]) than 
with streptokinase when measured at 90 minutes,” 
but studies have revealed that there are no differ- 
ences in patency when assessed later. Thus, the 
interpretations and significance of angiographic 
studies are dependent on the timing of angiogra- 
phy. No convincing evidence has been put forward 
to suggest that 90-minute arterial patency provides 
an adequate basis for comparison of thrombolytic 
agents with respect to clinical outcome. Indeed, 
despite previously demonstrated differences in 
90-minute patency, the Gruppo Italiano per lo 
Studio della Sopravvivenza nell’ Infarto Miocardico 
(GISSI-2) and International Mortality studies have 
failed to reveal a mortality benefit for alteplase or 
streptokinase in more than 20,000 patients. s 

Although thrombolytic therapy has a favorable 
impact on a range of clinical end points including 
infarct size, left ventricular function, coronary 
arterial patency, and symptom relief, these indica- 
tors have not provided a reliable basis for the 
comparison of thrombolytic agents; mortality pro- 
vides the “gold standard.” 


COMPARISONS OF SHORT- AND LONG-TERM 
MORTALITY 

Meta-analysis of previously conducted major 
mortality studies suggests that, because of differ- 
ences in design and the overlap of confidence 
intervals for short-term mortality, no thrombolytic 
agent is superior.” Long-term (>1 year) survival 
may provide a more meaningful basis for compari- 
son of the efficacy of thrombolytic regimens. One- 
year mortality obviates the differences in the tim- 
ing of short-term comparisons. Timing in these 
comparisons varies from 2 (in-hospital analyses) to 
5 weeks. In addition, late differences in patency 
(i.e., impact of reocclusion, infarct healing, and 
remodeling), are not revealed by short-term stud- 
ies but are evident in long-term studies. 

Rationale for meta-analysis: Although carly 
small-scale studies involving streptokinase fail to 
reveal a significant mortality benefit when consid- 
ered individually, a composite meta-analysis indi- 
cates an odds reduction of approximately 24%."°" 
This reduction has correctly anticipated the results 
of the second International Study on Infarct 
Survival (ISIS-2) and Gruppo Italiano per lo Stu- 
dio della Streptochinasi nell’Infarto Miocardico 
(GISSI-1) trial.'”"* Therefore, meta-analysis may 
provide a suitable method for comparison and 
evaluation of thrombolytic therapies. 

The principles of meta-analysis have been estab- 
lished’? and they can be summarized as follows: 
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TABLE | Effects of Intravenous Thrombolytic Agents on Early 
Mortality 


Mortality (%) 


Thrombolytic Agent 


COMPARISONS OF SHORT-TERM MORTALITY 
WITH DIFFERENT THROMBOLYTIC AGENTS 

Held and colleagues” have conducted a meta- 
analysis of 8 randomized trials of alteplase and 10 


(<6 hours afte onset) No. Active Control 


of anistreplase (anisoylated plasminogen-streptoki- 
nase activator complex [APSAC]). The findings 
indicate that the odds of early death are reduced by 
29% with alteplase and by 46% with anistreplase. 
However, 95% confidence intervals overlap, and, 
hence, investigators could not conclude that there 
was a significant difference in favor of either agent 
(Table I, Figure 1).”” However, beneficial results 
from both agents were consistent and the findings 
were strengthened when all the trials were consid- 
ered together. Similar results for streptokinase are 
included in Table I for comparison, as reported by 
Yusuf and colleagues.” 

The Third International Study of Infarct Sur- 
vival (ISIS-3): Preliminary results from the ISIS-3 
study were presented at the annual meeting of the 
American College of Cardiology in March 1991.” 
This study involved 936 hospitals in 16 countries 
and the randomization of 46,092 patients. Patients 
with clear indications for thrombolysis were ran- 
domized to streptokinase, anistreplase, or duteplase 
(t-PA; Burroughs Wellcome) and aspirin alone 
(160 mg/day, chewed immediately) or aspirin plus 
subcutaneous heparin (12,500 U twice daily for 7 
days, starting at 4 hours). 

The findings revealed no significant differences 
in 5-week mortality (streptokinase 10.5%, duteplase 
10.3%, anistreplase 10.6%). Similarly, there were 
no differences in the higher-risk subset of patients 
with ST elevation and presentation within 6 hours. 
The subcutaneous heparin regimen produced an 
insignificant trend toward lower mortality (for all 


Streptokinase 24,894 9.4 12.3 
Alteplase 6,755 6.8 9,4 
Anistreplase 2,315 6.1 11,0 


Alteplase = tisse plasminogen activator {t-PA}; Anistreplase = anisoylated 
plasminogen streptocinase activator complex {APSAC). (Modified from Circula- 
fon.** 





Patients allocated to active treatment in one 
trial are ccmpared directly only with controls 
in the sam2 trial and not with patients in any 
other trial Therefore, differences in patient 
characteristics between trials are not rele- 
vant prov-ded that the trials are broadly 
similar. Tais stratified approach compares 
“like with like” and is not affected by differ- 
ences in patient characteristics among trials. 
For each trial, a number of events observed 
in the treeted group is contrasted with the 
number of events that would have been 
expected kad no treatment effect occurred. 
Random variations in individual trials, as a 
result of chance, are averaged out by the 
meta-analrsis. The process does not assume 
that treatment has the same effect in the 
different trials, but rather that the effect will: 
tend to be in the same direction in those 
trials. The process of performing a meta- 
analysis requires access to the original data, 
meticulous and unbiased extraction of data, 
and a corrprehensive data base. A reliable 
overview cf multiple trials should be based 
on a care-ul and exhaustive search for all 
trials conducted and a meticulous, unbiased 
extraction Df data with the use of appropriate 
statistical methods. 


| Treatment Worse 


Treatment Better 
Alteplase 


7 Small Trias (N=1,744) - iesta Iysis of al 

igur e k eta-anaiys al- 
teplase and anistreplase studies. 
A favorable trend is apparent for 
anistreplase, but the confidence 
intervals overlap with those of 
the alteplase studies. 
AIMS=APSAC Intervention Mor- 
tality Study; APSAC=anisoylated 
plasminogen—streptokinase acti- 


ASSET (N=£,011) 


Anistreplase 


9 Small Triais (N=1,057) 


AIMS (N=1,258) vator complex; ASSET=Angio- 
Scandinavian Study of Early 

Total (N=2,3- 5) Thrombolysis. (Modified with per- 
mission from Circulation.” 


Odds Ratio and 95% Confidence Interval 
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thrombolytics grouped together), but a significant 
excess of major bleeding episodes (3 per 1,000 
patients treated), cerebral bleeding (2 per 1,000 
patients treated), and a trend toward fewer reinf- 
arctions (3 per 1,000 patients treated). Among 
patients treated with duteplase (with ST elevation 
and <6 hours duration), heparin reduced mortal- 
ity (9% vs 10.1%). However, for streptokinase or 
anistreplase, the differences in mortality in pa- 
tients receiving heparin (versus no heparin) with 
streptokinase or anistreplase were insignificant. 

It may be inferred, therefore, that alteplase 
requires the graduated 3-hour infusion regimen 
followed by heparin; streptokinase requires the 
1-hour infusion; and anistreplase requires a single 
injection. Although streptokinase and anistreplase 
may also benefit from the addition of heparin, this 
has not been convincingly shown. These simplified 
protocols have relevance for prehospital and emer- 
gency department thrombolytic administration. The 
definitive comparison of the 3 thrombolytic agents 
will be based on long-term mortality. 

Early and late mortality results: A descriptive 
comparison of the influences of streptokinase, 
anistreplase, and alteplase on early and late mortal- 
ity can be derived from the published results of the 
respective studies.’”**” Figure 2 illustrates this 
comparison. However, this descriptive comparison 
does not necessarily compare “like with like,” and, 
in particular, the entry criteria and timing differ 
among the illustrated studies. However, several 
important features emerge: first, all the studies 
reveal a consistent and important reduction in risk 
of death and a trend toward a lesser mortality 
reduction at the end of 1 year. In the APSAC 

Increased APSAC/ 


| Risk placebo 
| Reduced 


Figure 2. Observational compari- 
son of early and 1-year mortality 
results for the 4 major studies. 
The studies differ with respect to 
entry criterla. In each case 1-year 
mortality shows a lower benefit 
than the early mortality result 
and the proportional change be- 
tween 1-year and the early result 
is not equivalent for the 4 stud- 
les. The 0—4 hour subset of the 
Second International Study of 
Infarct Survival (ISIS-2) study 
shows results superior to those 
of the whole study and similar to 
the findings of the APSAC Inter- 
vention Mortality Study (AIMS). 
APSAC=anlsoylated plasmino- 
gen-streptokinase activator com- 
plex; ASA=asplirin; ASSET=Angio- 
Scandinavian Study of Early 
Thrombolysis; GISS!-1=Gruppo 
Hallano per lo Studio della Strep- 
tochinas! nell'Infarto Miocardico; 
SK=streptokinase. 


AIMS 
{0-6 h) 


Risk 





TABLE H Rationale for Comparisons of Long-Term (1-Year) 
Mortality 


e Mortality end points avoid the problems that 
confound indirect clinical indications. 


æ One-year analyses incorporate the influence of 
late changes in vessel patency, infarct healing, 
and remodeling. 

@ One-year mortality provides a standard for the 
comparison of thrombolytic agents. 





Intervention Mortality Study (AIMS), the reduc- 
tion in the risk of death was 50.5% (confidence 
interval 26.1-66.8%) for short-term analysis and 
42.7% (confidence interval 20.9-58.5%) for the 
1-year comparison. In GISSI-1, the short-term 
mortality reduction was 19% (for the 0-12-hour 
group) with confidence intervals of 1-28%. At 1 
year, the reduction in the odds of death for the 
GISSI-1 study amounted to 10% (confidence inter- 
val 3-16%), and this range no longer overlaps that 
of the AIMS study. However, this observational 
comparison must be interpreted in the light of 
differences in study design and the fact that pub- 
lished information is not available for the time- 
stratified subsets of GISSI-1 and ISIS-2. An “AIMS 
equivalent” subset has been extracted from the 
ISIS-2 data base with an apparent mortality benefit 
of similar scale to that seen in AIMS." 


COMPOSITE ANALYSIS OF 1-YEAR SURVIVAL: 
ANISTREPLASE STUDIES 

Comparisons of 1-year mortality may provide 
the standard for the comparison of thrombolytic 
agents (Table II). In order to determine whether 
the 1-year mortality results from the AIMS study 
are supported by all the studies fulfilling similar 


GiSSI-1 
(0-12 h) 
St/contrai 


ISiS-2 
(0-24 h) 
SK (+ ASA} 
placebo 


ASSET 
(0-5 h) 
t-PA/placebo 


Odds 
Reduction 
or 
Relative 
Reduction 
% (+ Cl) 


i Early Risk Reduction 


‘ 1-Year Risk Reduction 
[I 0-4 h SK + ASA ISIS-2 (5 weeks) 
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TABLE HI Pocled Analysis of Anistreplase Studies 


Anistreplase 
(n = 2,911) 


Placebo 
{n = 634) 


Demograohic Data 


Age (%) 
<60y 
26ly 
Sex (%) 
Male 
Female 
History of AM] (%) 
Yes 
No 
Site of infarct>n (%)* 
Inferior 
Anterior/pcth 
History of angina (%) 
Yes 
No 
History of hyrertension (%) 
Yes 
No 
Current smoker (%} 
Yes 
No 


95, 
AMI = acute myocardial infarction. 


entry criteric, a pooled analysis applying the princi- 
ples of meta-analysis has been undertaken. Throm- 
bolysis studizs (published or unpublished) involv- 
ing anistrep.ase treatment for acute myocardial 
infarction were included in this analysis. The stud- 
ies include the AIMS (anistreplase vs placebo; 
double-bliné randomized),” AIMS (nonrandom- 
ized; persoral communication), Should We In- 
tervene Following Thrombolysis? (SWIFT; in- 
tervention vs conservative therapy following 
anistreplase’,“” and the Brighton Study.” One- 
year mortali-y results and raw data were available 
for all studies. These studies required ECG evi- 
dence of myocardial infarction, treatment within 6 
hours of symptom onset, 12 months follow-up, and 
assessment >f mortality. Demographic data are 
provided in Table II; they confirm that subjects 
were well matched with respect to age and sex 
distribution, previous myocardial infarction, his- 
tory of hypertension, smoking status, and site of 
infarction. Æ trend toward a lower frequency of 
prior myocardial infarction and angina was present 
in the active treatment group. 





Life-table analysis: Life-table analysis reveals 
that 1-year mortality results from the AIMS double- 
blind published study are entirely consistent with 
the composite analysis for all studies. In the double- 
blind AIMS study, patients treated with anis- 
treplase achieved an odds reduction in mortality of 
42.7% (p=0.0007, 95% confidence intervals 20.9- 
58.5%).” This compares with an odds reduction of 
47.9% for all anistreplase studies (p <0.0001; 
confidence interval 34.0-58.9%). Thus, 10.1% (294 
of 2,910) of patients treated with anistreplase died 
at 1 year compared with 17.8% (113 of 634) of 
patients treated with placebo. Embarking on fur- 
ther placebo-controlled comparisons following the 
results of the AIMS study was not considered 
ethical; hence, placebo data are derived from the 
double-blind AIMS comparison” (Table IV, Fig- 
ure 3). 

Subgroup analyses: In the AIMS study, previ- 
ously known ischemic heart disease (angina or 
infarction) was associated with increased mortality 
at 1 year (logistic regression analysis). Composite 
analysis of anistreplase studies has confirmed these 
findings. Mortality rates increased approximately 
2-fold in the presence of previous myocardial 
infarction, irrespective of anistreplase or placebo 
treatment. In the absence of previous myocardial 
infarction, 1-year mortality was 8.8% (225 of 2,556) 
with anistreplase and 15.8% (82 of 520) with 
placebo (48% odds reduction; confidence interval 
31.7-60.4%). In the presence of previous myocar- 
dial infarction, the mortality rate was 19.9% (67 of 
337 patients) for anistreplase and 27.4% (31 of 113 
patients) for placebo (33.7% odds reduction; confi- 
dence interval, —8.5 to 59.5%). 

Additional variables influencing 1-year survival 
included increased heart rate at presentation ( > 100 
beats/min vs 51-59 beats/min), which resulted in a 
92% increase in the odds of death (confidence 
interval, -168.9% to —37.3%). Previous angina was 
associated with an increase in the risk of death 
(36.8%; confidence interval, 19.0-50.8%). As dem- 
onstrated in the AIMS study, age was also an 
independent and powerful predictor, with 93% of 


TABLE IV Anistreplase Pooled Analysis: Life-Table Analysis (AIMS Open Plus AIMS Double-Blind)* 


Mo tality AIMS Double-Blind 
AnistrepSise (%) 69/624 (11) 
Placebo ‘%) 113/634 (17.8) 
Odds recuction (%) 43t 
95% CI 21.0, 59.0 


Pooled Data 


294/2,910 (10.1) 
113/634 (17.8) 
47.9% 

34.0, 58.9 


AIMS Open/ Double-Blind 


171/1,588 (10.8) 
113/634 (17.8) 
444 
27.5, 56.7 


eg aon oper the findings of the AIMS double-blind study. Very similar treatment and placebo mortality figures are obtained with the similar odds reduction in the risk of death. 
p= . 


tp = 0.0001. 


AIMS = APSAC Irervention Mortality Study; APSAC = anisoylated plasminogen activator comptex; Cl = confidence interval. 
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Figure 3. The survival curves dem- 
onstrate that the results of the 
APSAC Intervention Mortality 
Study (AIMS) double-blind, AIMS 
open, and the pooled analysis are 
virtually superimposable, thus 
supporting the findings of the 
AIMS study. APSAC=anisoylated 
plasminogen-streptokinase acti- 
vator complex. (Adapted with per- 
mission from Lancet.”) 


Survival 
Distribution 
Function 
Estimate 


patients <60 years of age surviving up to 1 year 
compared with 82% of patients > 60 years of age. 
The following characteristics were not demon- 
strated to be independent predictors of survival: 
gender, history of hypertension, history of smoking, 
and time to administration. Among the entire data 
set of 3,545 patients, only 157 were treated within 
the first hour. This represents <5% of the total 
and provides an insufficient basis to resolve the 
question of additional benefit from very early 
treatment. 


INTERVENTION STUDIES 

Criteria for inclusion or exclusion in a study may 
have a profound influence on mortality rates within 
that study. Thus, caution must be exercised when 
comparisons are made between studies requiring 
angiography and invasive procedures with those 
not requiring such interventions. However, compar- 
isons of interventional studies of similar design can 
be undertaken, and in this context the TIMI-JIB 
Study (alteplase) and the SWIFT study (anis- 
treplase) have very similar design characteris- 
tics.“’ An analysis has also been undertaken of a 
composite of the Thrombolysis and Angioplasty in 
Myocardial Infarction (TAMI) studies with similar 
entry criteria.“ Table V summarizes the findings 


TABLE V Comparison of Intervention Studies* 


One-Year Mortality (%) 


No. intervention Conservative 


1,681 7.0 
800 5.8 
847 6.1 


TIMI-I1B (alteplase) 

SWIFT (anistreplase) 

TAMI Composite (alteplase, 
6 studies) 


*Comparison of intervention studies of similar design reveals almost identical 1-year 
mortality figures, irrespective of the thrombolytic agent. The differences in mortality 
results between intervention studies and conservative studies may be a reflection of 
selection criteria. 

SWIFT = Should We Intervene Following Thrombolysis?; TAMI = Thrombolysis and 
Angioplasty in Myocardial infarction; TIM] = Thrombolysis in Myocardial Infarction. 








a = Anistreplase (Double-blind) 
a = Anistreplase (Open) 
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from these three studies. Remarkably, 1-year mor- 
tality figures are very similar for the intervention 
groups and conservative group, irrespective of the 
thrombolytic agent. 

These figures are also very similar to 1-year 
mortality for the medium-risk group from the 
AIMS study.” In AIMS, the low-risk group had a 
4.8% mortality at 1 year for active treatment and 
7.9% for placebo. The medium-risk group had an 
8.5% active treatment mortality and 12.4% pla- 
cebo mortality and the high-risk group 18.4% 
active treatment and 33.5% placebo treatment at 1 
year.” 


CONCLUSION 

Mortality benefits of thrombolytic therapy are 
not necessarily predictable based on clinical indica- 
tors, including vascular patency and mechanical 
function. The composite analysis of APSAC stud- 
ies has reinforced the findings of the published 
AIMS double-blind study, with strikingly similar 
mortality findings at 1 year and almost identical 
risks in the odds of death (48%). Comparisons of 
studies of similar design, involving interventional 
procedures, such as angiography and angioplasty, 
have revealed strikingly similar 1-year mortality 
results with anistreplase and alteplase. Further- 
more, the findings reveal that apparently low mor- 
tality figures associated with interventional studies 
may be a function of patient selection, because 
interstudy differences disappear when entry crite- 
ria are very similar. Mortality end points avoid the 
problems that confound indirect clinical indicators. 
One-year mortality provides a standard for the 
comparison of thrombolytic agents and incorpo- 
rates the influence of late changes in vessel pa- 
tency, infarct healing, and remodeling. 
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Roundtable Discussion 


Dr. Joseph Alpert (Worcester, Massachu- 
setts): Because early (90-minute) patency does 
not appear to predict the outcome of patients with 
acute myocardial infarction, should angiography 
be performed later in the course of treatment (> 1 
day) to assess patency? 

Dr. Jeffrey Anderson (Salt Lake City, Utah): In 
the Third Trial of Eminase in Acute Myocardial 
Infarction (TEAM-3) study, angiography was per- 
formed to assess patency at 1 day rather than at 90 
minutes. By 1 day, the patency rates for anis- 
treplase and alteplase were 85-90%. I think that 
angiography performed later, at about 1 day, may 
provide a useful and still relatively early ‘plateaw’ 
patency rate, which may be predictive of relative 
clinical outcomes. However, this will require fur- 
ther study. 

Dr. Alpert: Should all patients with acute myo- 
cardial infarction have initial angiography per- 
formed, or should they have this procedure 2-3 
days post-thrombolytic therapy, if at all? 

Dr. Peter Sleight (Oxford, England): I certainly 
would not have an angiogram on myself on day 1 if 
I did not feel I needed it. This has been explored 
many times, and I think the best approach is to be 
guided by the clinical situation. If a patient has 
continued stuttering pain, then an angiogram should 
be obtained. Additionally, if the patient has active 
ischemia after getting out of bed or after exercis- 
ing, then an angiogram becomes a necessary diag- 
nostic tool. 

Dr. Elliot Rapaport (San Francisco, Califor- 
nia): If a patient presents early after symptom 
onset and contraindication to the use of thrombo- 
lytic therapy exists, then immediate angiography 
and primary angioplasty are appropriate. In my 
view, this situation is the only indication for pri- 
mary angioplasty in treating acute myocardial in- 
farction. 

Dr. Alpert: Can thrombolytic agents be given to 
patients currently taking anticoagulants? 

Dr. Sleight: Yes, there is more risk of bleeding 
in patients already taking anticoagulants. How- 
ever, full-dose intravenous heparin is commonly 
used with all thrombolytic agents, although some 
prefer to administer heparin at the end of the 
thrombolytic infusion. 

Dr. Alpert: There are various anticoagulant 


regimens, some intravenous and some subcutane- 
ous, for use with the different thrombolytic agents. 
In other words, if a patient receives alteplase, 
should he or she receive a specific (intravenous) 
anticoagulant regimen? Also, if the patient re- 
ceives anistreplase or streptokinase, should he or 
she receive a different anticoagulant regimen? 

Dr. Rapaport: There really has been no trial 
comparing the combination of intravenous heparin 
and a thrombolytic agent to subcutaneous heparin 
and a thrombolytic agent in patients with acute 
myocardial infarction. Perhaps the intravenous- 
heparin group will be able to be compared with the 
subcutaneous-heparin group in ISIS-3 to see 
whether there was an increased risk of bleeding in 
this situation. 

Dr. Sleight: We have no scientifically concrete 
evidence that heparin regimens must be different 
with the different thrombolytic agents. In the 
ISIS-3 subgroup analysis of 3,000 patients who 
received intravenous heparin (a nonrandomized 
comparison) and a thrombolytic agent, there was 
absolutely no difference between duteplase and 
streptokinase in mortality rates; therefore, giving 
intravenous heparin certainly did not favor 
duteplase mortality, as many would have thought. 
Also, there were no differences in reinfarction in 
patients receiving duteplase or streptokinase with 
intravenous heparin, and the incidence of stroke in 
patients receiving intravenous heparin and a throm- 
bolytic was about twice that observed in patients 
receiving subcutaneous heparin and a thrombo- 
lytic. We must question whether intravenous hepa- 
rin has been adequately tested for risk and benefit. 
It has mostly been tested in patency studies, not in 
large studies of high-risk patients. 

Prof. Keith Fox (Edinburgh, Scotland): There 
were comments about the increased risk of cere- 
bral bleeding seen in ISIS-3 with duteplase and 
anistreplase compared with streptokinase and the 
reduction in reinfarction with duteplase compared 
with streptokinase and anistreplase. We might 
actually argue that less intensive anticoagulation 
would be better with streptokinase and anis- 
treplase, but more intensive with duteplase (or 
alteplase), which has been the prior view. On the 
other hand, intensive anticoagulation may be more 
adverse, given the higher risk of cerebral bleeding 
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observed in ISIS-3 in patients receiving duteplase 
and intravenous heparin. 

Dr. Alpert: Dr. Fox, are there any data in the 
pooled analysis reflecting which anticoagulant reg- 
imen to use? 

Prof. Fox: There are not; however, information 
from ISIS-3 suggests to me that there may well be 
differences with respect to the thrombolytic agents. 
Nonetheless further analysis 1s needed before 
definitive conclusions can be reached. 

Dr. Alpert: Dr. Bassand, are allergic reactions 
more common with anistreplase than with al- 
teplase? 

Dr. J. P. Bassand (Besancon, France): [n our 
last trial in which anistreplase and alteplase were 
compared, Mere was no significant difference in 
the incidence of allergic reaction or cutaneous rash 
during the fi-st few hours of therapy between the 2 
study groups. However, in other trials, such as 
ISIS-3, the <ncidence of allergy was greater with 
anistreplase. 

Dr. Alper-: Can we come to a consensus regard- 
ing a dose of aspirin that should be used as an 
adjunct to thrombolytic therapy? 

Dr. Bassand: In our institution, we usually give 
250 mg of aspirin. 

Dr. Rapadort: The low doses of aspirin (80 mg) 
used in the Heparin Aspirin Reinfarction Trial 
(HART) are not appropriate in the setting of acute 
myocardial infarction. A more appropriate dosage 
is either 325 mg swallowed, or 160 mg of aspirin 
chewed, altrough I am not sure if there is much 
difference bztween the 2 regimens. Results from 
ISIS-3 demcnstrated that 160 mg was an effective 
dose, and that seems reasonable. 

Prof. Fox: In ISIS-2, although there was a 
time-stratified benefit for the thrombolytic agent, 
there was ro time-stratified benefit for aspirin. 
This suggests that the kind of aspirin doses we are 
talking about, >150 mg, are appropriate. How- 
ever, evidenze concerning early administration of 
aspirin is actually weak evidence. 

Dr. Sleigiat: I disagree with you, Dr. Fox. I think 
that there is equal benefit from aspirin, whenever 
you adminiscer it. Aspirin is an emergency medi- 
cine. I recommend when physicians see a patient 
with unstabe angina and are able to render a 
diagnosis quickly, give the patient an aspirin to 
chew while tne rest of the history is obtained. 

Dr. Anderson: Our group uses the former ‘baby 
aspirin,’ whch is no longer used in infants or 
children because of Reye’s syndrome. However, 
for adults, this low-dose (80 mg) aspirin is easy to 
administer, flavored, palatable, and easy and pleas- 


ant to chew. Initially, we have our patients chew 2 
of these tablets (160 mg of aspirin). Then, because 
of convenience in the United States, our patient: 
receive 1 (325 mg) enteric-coated aspirin daily. 

Dr. Rory Collins (Oxford, England): In the 
acute stage of myocardial infarction, an aspirir 
dose of at least 120-160 mg should be given. Ii 
would not be irrational to give slightly more thar 
160 mg as the first dose, as was shown to work ir 
ISIS-2, and then to continue with 160 mg. 

Dr. Alpert: Given the state of our incomplete 
knowledge about thrombolysis, is there any reasor 
to select one thrombolytic agent over another fo! 
the ‘average’ patient with acute myocardial infarc- 
tion? 

Dr. Bassand: Urokinase or alteplase should be 
used in patients who previously received streptoki- 
nase or anistreplase, because the rapid increase ir 
the level of antistreptokinase antibodies prevents 
any thrombolytic action when either streptokinase 
or anistreplase is reinjected. Except in this particu- 
lar case, I do not see any evidence to choose one 
thrombolytic agent over another. In our institution. 
within the last 2-3 years, anistreplase or alteplase 
was preferably given to patients with anterior-wal 
infarction because these agents were thought tc 
produce higher patency rates. 

Prof. Fox: A key issue involves the proportion oj 
patients who are eligible for thrombolytic therapy. 
Previous reviews performed in the United States 
indicate that a very small proportion of patients are 
currently being treated. In our center and in € 
number of others in Great Britain, approximately 
55% of patients with acute myocardial infarctior 
are currently being treated. However, this woulc 
argue for the simplest regimen possible, whethe1 
this be bolus administration of anistreplase o1 
alteplase. Bolus administration may confer conve- 
nient advantages, but there may not be a mortality 
advantage. 

Dr. Anderson: Cardiologists in our institutior 
have gone on the assumption, to date, that al 
thrombolytic agents are probably equal, and we 
have treated patients with all of them. Data frorr 
ISIS-3 seem to confirm that all of our patients have 
been well served. The issues of cost, safety, anc 
convenience continue to be issues for the future. ] 
think the cost issues are clear, and the safety issues 
are becoming more interesting. Based on data from 
GISSI-2, streptokinase may be safer than alteplase 
in patients > 70 years of age. Data from ISIS-3 may 
further help to determine whether one agent is 
clearly safer than another in particular subgroups. 
With respect to convenience, I think anistreplase 
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has a major advantage. When I write an order for 
alteplase or streptokinase, I do not know if it has 


been given, unless I come back 1-2 hours later. A 


physician can draw up and personally administer 
anistreplase in approximately 5 minutes. In my 
view, personally ensuring that the thrombolytic is 
given immediately and is in the circulation is an 
advantage of anistreplase. 

Dr. Sleight: We use streptokinase in most pa- 
tients with first-time infarcts. For second-time 
infarcts, within perhaps 6-12 months after previ- 
ously receiving streptokinase or anistreplase, we 
use alteplase. 

Dr. Harvey White (Auckland, New Zealand): 
Generally, I use streptokinase because it is the most 
economical thrombolytic agent, and it has the advan- 
tage of convenience and rapid administration. Even in 
the hospital, there is an advantage in the emergency 
department to get the drug into the circulation before 
the patient gets to the coronary care unit. The aim is to 
get the drug into the patient and then treat the side 
effects. Alteplase is more expensive, and I would 
reserve it for readministration to patients previously 
treated with streptokinase or anistreplase. 

Dr. Alpert: We have learned a great deal from 
this discussion. Some of the key points include 


performing angiography at 1 day, rather than at 90 
minutes following thrombolytic therapy, or as the 
clinical situation demands, to assess patency and 
reperfusion; considering angioplasty in patients 
who have contraindications to thrombolytic ther- 
apy; and administering thrombolytic agents to 
patients who are currently taking anticoagulants 
only if sufficient clotting is observed. Additionally, 
aspirin (approximately 160 mg) should be given 
immediately, as an adjunct to thrombolysis, to 
patients presenting with symptoms of acute myocar- 
dial infarction. 

The panel agreed that the available thrombo- 
lytic agents are equally effective for the treatment 
of acute myocardial infarction. In terms of efficacy, 
there is no reason to use one agent over another. 
However, allergic reactions, although generally not 
serious, are observed more commonly in patients 
who receive streptokinase or anistreplase. Thus, in 
patients who have previously received streptoki- 
nase or anistreplase, alteplase may be the pre- 
ferred thrombolytic agent. Other points to con- 
sider include cost and ease of administration. 
Streptokinase is the most economical thrombolytic 
agent, yet anistreplase is the easiest (a single bolus 
injection) and quickest (over 2-5 minutes) throm- 
bolytic agent to administer. 
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Summary 
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outweigh the risks. In general, these bene- 

fits include decreased mortality and im- 
proved left ventricular function. End points of 
thrombolytic therapy, such as patency, reocclusion, 
left ventricular function, reinfarction, stroke, and 
mortality, re substantially improved in patients 
who have received a thrombolytic agent compared 
with those who have not. Which thrombolytic agent 
is best among the 4 that are available? The answer 
depends, of course, on how one defines “best.” 

To define the best thrombolytic agent, the end 
points of therapy must be examined. Mortality is 
obviously tre critical factor. Ideally, our patients 
should be sent home alive and without serious 
hemorrhage or disability. Cost and ease of adminis- 
tration are also major factors to be considered, 
particularly because resultant patency, reperfu- 
sion, and mortality appear to be similar among 
currently available drugs. Which thrombolytic agent 
is best? Streptokinase, alteplase, and anistreplase 
are equally effective in producing rapid thromboly- 
sis and reducing mortality; therefore, the clinical 
situation may.dictate which agent is preferred. For 
example, because of the potential for allergic 
reaction, patients who have recently received strep- 
tokinase or anistreplase should receive urokinase 
or alteplase if readministration is necessary. Anis- 


Ik tenefits of thrombolytic therapy clearly 


treplase may be the ideal agent for community use. 
given its simple and rapid administration protocol 
Other questions that have not been raised ol 
adequately studied, at least in trials to date, in- 
clude functional class, return to work, and cost. 

We should not only be asking, “What is the besi 
thrombolytic?” but also, “What is the best throm- 
bolytic regimen?” More attention should be given 
to adjunctive anticoagulant therapy and other ad- 
junctive therapy, such as B blockers, calcium antag- 
onists, or nitrates. Various subgroup analyses from 
the Third International Study on Infarct Survival 
(ISIS-3) and the Gruppo Italiano per lo Studic 
della Sopravvivenza nell’Infarto Miocardicc 
(GISSI-2) may provide insight into heparin admin- 
istration. New thrombolytic regimens that could 
potentially improve product safety need to be 
evaluated. Indeed, fascinating preliminary informa- 
tion suggests that there are differences in complica- 
tions and mortality related to alterations in the 
timing of drug administration. Further study in the 
area of prehospital administration of these agents 
is required and attention must be focused on 
treating as many patients as possible to reduce 
mortality. All of this is grist for further study and 
discussion. Thrombolytic therapy will be an area of 
great interest to cardiologists well into the next 
decade. 
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